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TRANSLATOR’S PREFACE. 


"THE friendship, with which I am honoured 
by Mr. De Luc, induced him some time ago 
to communicate to me a Treatise on Geology, 
intended for the French Press. He was de- 
sirous that this work should appear in Eng- 
land, which he has for thirty-six years con- 
sidered as his native country; and at his rer 
quest, I ventured to undertake the following 
translation, which has been conducted and’ 
completed under his immediate inspection. 


_'+ In revising his work, previously to its trans- 


lation, some alterations occurred to the author 
as expedient. The French and English pub- 


lications'» will, therefore occasionally differ. 


- The Letters also.to Dr. Hutton, published — 
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COO O2 bod 119e8 8G OF 9 
r “olPherosnlts we Mr De Lee ‘ake we ois 
nous iresearches have. supplied..an additional 
| proof; anosupportoof revealed Religion.» He 

has maide /it;:appear that. the very facts upon 
| ahich those systems seemed to, rest,, which as- 
sign ainindefinite antiquity to our present con- 
tinents,) confirm;,on the-contrary,, in. the most 
satisfactory manner, the chronology of Gene- 
iss arid. che-has successfully traced the striking 
analogy that subsists between the great Volame 
of Nature, and the sacred page of Revelation. 
‘Thus therhas:shown, that the reyolution which, 
_ according to eyeryifact of geology,..gave) birth 
-tovour continents, was effected at the epoch, of 
. thes Deluge, aseatoas: described in the Mosaic — 

-Histony ; iand. thus) likewise he, has..demon- 
trated: ithe ‘conformity of geological monu- 
-ments:withy the sublimetaccownt’ of that. series 
fof operations: which togk place during the Sir 
eDaysy vor wees aia tame, recorded. nue 
jneprred: ipenmaadole st to sostine ods doulw 
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Mr. De Luc’s Geological Letters to Pro- 
fessor Blumenbach, in the British Critic for 
1794 and 1795, were intended to. point out 
those connexions: he seldom alludes to them 


in this work, the subject of which is purely 
~ philosophical: but the last of these Letters, 


on account of its very interesting nature, is, 
with the author's consent, reprinted here as an 
Appendix. 


® 


The numerous extracts from M.. ve Saus- 
surE's Voyages dans les Alpes, adduced by 
Mr. De Luc im confirmation, either of his 


system, or of his personal observations, will 


form, it is presumed, a valuable part of this 
volume; and they will prove the more accept-. 
able to the English reader, as no translation 
of the Travels of that eminent geologist into 
our language, has yet appeared. 


HENRY DE LA FITE. 
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WHILE this vtork was in. the press, ibe 
HAxes’s first volume of his New Analysis of Chro- 
nology, &e. appeared; andon that publication Mr. 
Dé Lue has communicated to the translator the fol- 


| ‘ lowing remark:—““ ‘I regret that the Rev. Dr. Hales, 


“in his work just published, has deemed it necessary 
— animadvert upon my Geological* system, from 
‘ some misconceived notions of it; classing me among 
** the Geologists who have thought—That the ante- 
“ diluvian mountains» did not exceed .50\ toises in 
“ height ;—And that before the Deluve, the earth's 
“ axis was perpendicular to-the plane of the ecliptic, 
“and that its present obliquity tock place at the 
“ Deluge, which. occasioned an alteration in the 
“ earth's centre of gravity. P. 329. It Dr. Hales 
“‘ had read my works, or orily the VIth of my Let-, 
“ters to Professor Blumenbach, in the British 
“ Critic of 1795, (which, as containing a general 
* view of the agreement of my system with Gencsis, 
is, in conformity to your wish, to be subjoined to 
“ your translation) he would, in the first place, have 
“seen, that I never attempted to fix the height of 
“ the antediluvian mountains, a point wholly indif- 
* ferent tomy system. And with respect to changes 
‘in the earth’s motions, he would have perceived 
** that I considered those which I have mentioned, 
“not as a cause of the Deluge, but as consequences 
which might have influenced the astronomical ob- 
. “ servations 


x 


“servations subsequent to that event. On this 
“subject, Dr. Hales may see, in a review of Mr. 
‘ Paix. Howarn’s work, The Scriptural History 
of the Earth, &c. (British Critic, August 1797, 
‘py. 108,) that these small clianges are adduced as 
“ accounting for the remarkable. circumstance of the 
“ antediluvian year consisting only of 360 days. 
“ This circumstance served as the foundation of the | 
“ancient astronomical formule, transinitted by 
* Noah to the Asiatic nations; formule which, 
“ however accurate with regard to the antediluvian — 
“ state of the earth, had subsequently required cor- 
“ rections, on account of a greater number of days 
“in the year, i. e. of revolutions of the earth on its 
‘axis, while describing the same orbit.” 
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oy if: “Grorocy theeinkeectendive and: etaeeer teres of 
sciences. "2. The too hasty. assignment 6f ‘causes to ‘past effects 
has: Grabtdan' various: contradictory ‘Theories’ of ‘the Earth. 
3. The history of the Earth inseparably connected with ‘that of 
Man. 4: Geology a science useless to*mankind,’ till brought 
forward in the systems of modern philosophers ; “the History of 
the earth and of the human’ race having been sufficiently made 
known by the Mosaie records, ‘and by Pagan traditions derived 
from a similar source.’ 5, All information essential to men ‘on 
this subject had thus been dfforded them by Revelation. |'6. But 
‘Geology having been réepresetited by some atithors as in’ opposi* 
tion t6 ‘the history of Moses, the study‘of thig science is on’ that 
aceouitt become ‘cssential to” Divifies.’ -7.-The ‘duties ‘and the 
destination‘of men involvéed‘in a question which concerns their 
origin. "SY The first @eoldgical’systems contrary'to Genesis have 
‘fallen to’ the ground, » 9P°Vhoese in defenecot Genesis equally 
premature. "10, ih paisa ici ofviestablishing “some fundamental 
‘pints in Gedlogys 17 Mal “Playfair’s [tuséradciiins of the Heit- 
“tonian Theory one 6f the latest and’ most’ inethodical works ‘on 
‘this isience..‘12) Dr. Hutton had formed aigeneral system from — 
‘some’ minéralégical details) ‘13’ Mr. Playfair'sstatement of the 
‘great 'éxtent of knowledee sequired: in geology...14. [liconse- 
_ quences of s¢epticism in this science. 15. General motives ad- 
“duced with “reason *by Mry Playfair: for hoping ‘that ‘truth in 
“gedlogy niay “bé “attaitied ; but’ its attainment would be pré- 
tracted by the means which Ke* poiits ‘oute’96. “He“beliéves 
®that Dr. Hutton’s theory has been little noticed, not om account 
of 


- 


Xu 
of ts nature, but of its obscurity: he is however mistaken, for 
it is easily understuod. 17. Cause of the neglect of Bacon 
among superficial naturalists. -15.-Baeon’s design was not to 
erect the edifice of science, but only to lay its foundation on 
fixed principles. 19. The deficiency of his materials. 20. His 
opinion that facts ought to be exclusively the objects of atten- 
tion. 21. All geological questions must be resolved by facts. 
22. The theory, distinctively called Huttontun, connected with 
hypotheses common to many other theories. 23. Dr. Hutton 
and Mr. Playfair consider the alternate Changes supposed in their 
theory, and the final causes which they assign to these changes, 
as reciprocally proving each other.’ \24. Outline of the Hutto- 
nian theory. 25. No limit assignable to the number of alter-_ 
nate changes,supposed in it, from sea, to land, and from land to 
sea;,, whence all knowledge of a. primitive state of the earth is, 
placed beyond, our reach. 26. Aspect, under which Mr, Play- 
fair presents his hypotheses. 26. q.*. The fear of incurring: the 
imputation of weakness may induce many to acquiesce in his 
theory, though they, may not, comprehend the ground, of his 
confidence, 27. No other system could lead to the discussion 
of so many important, geological questions., 28. The origin of 
the mineral strata. one, of the greatest objects of this science. 
29. Huttonian opinions respecting, the degradation of our conte- 
nents, and the action of external causes.upon them. 30. Respect- 
ing the sedimeats, of rivers; and, the materials detached by the 
se from its caasts.. 31... Whether our mineral. strata could have 
been formed from the detritus of former continents. 31. a, Cause 
assigned by Dr, Hutton for the ,consylidation of loose materials, 
32. The birth of our, continents produced by some great revolus 
tion upon our globe., 33, Ruinous appearance of the mineral 
strata, 34. Either their. mass) must) have been razsed, or the 
level of, the sea,must have-sunk. 34. Importance. of, ascertaine 
ing the antiquity of. our, continents. 30. Necessity of properly: 
classing the observations made in geological travels. 37,,No 
inquiries made in early times respecting an antecedent state of 


| * Inthe origiaalthere is an accidental repetition of the numbers, of some of 
the sections; a similar repetition has necessarily occurred in the translation, in 
order that the numbers may: correspond, 


xiti" 


the earth. 38: Attention first seeseioned to this object by the’ 
marine shells found at a distance from the sea. 39. However er- 
roneous the first theories of the earth may have been, they have 
yet served to accumulate materials, by which geology is now be- 
come a solid science. 40, It is more-fixed than is generally 


supposed. 41. The confusion which has arisen in it can be dis- 


sipated only by more attentive study. | 42. Distinction to be 
made between phenomena produced. by causes still in action, and 
by such as have ceased to act. 43. The production of our conti- 
vents to be ascribed to causes which have ceased to act, and the 
modyication of their original state to causes still in action. 44, The 
original state of our continents, and likewise their age, determi- 
nable by the action of actual causes. 45. Their small antiquity 
already proved by Mr. De Luc, in his Lettres phys. et mor. sur 
U' Hist. de la Terre et de ’Homme. 46. His answer to Dr. Schmied- 
er’s theory; and the difference between that and: Dr. Hutton’s, 
47. The first point necessary to be fixed in geology is the state of 
our continents at their birth. 48, Great importance of M, de Saus- 
sure’s observations on mountains. 4.9. The original: and actual 
states of the strata composing mountains afford a clue to the know- 
ledge of past events. 50. The Huttonian theory excludes gra- 
mite, porphyry, &c. from the number of stratified substances. 51. 


operation of physical causes on our globe; other strata have 
been successively formed in the same manner: the catastrophes 
undergone by the whole mass of strata have produced u) rela- 
tive differences of level between mountains and plains. . Ne- 


cessity of studying the effects formerly resulting ris causes, 


which, though still existing, no longer produce such effects, on 
account of the change of circumstances. 53. Reference to Mr, 
De Luc’s Lettres sur I Hist. physique-de la Terre, adress¢es aM. 
le "Prof. Blumenbach. 54. Nothing originally produced under 


the form of mountains. 55. The principal points of Mr. De 


The production of granite by chemical precipitations was the first, 


x 


Luc’s Theory: “I Respecting the origin of our continents, | 


ye Origin of our mountains and-plains. \ ILt. Islands of the an- 


cient sea, of which some sunk beneath the level of the waters, 
hayes all their animals and vegetables 3 1V. While others, not 


submerged, became’ the summits of our present mountams, and 
the sources of vegetation for’ the new continents. V. Retreat of 


wits é ‘ . etait a 4h di} es be the 


xiv 

the sea from the new continents, to cover those encient ones 
which sunk. VI. Permanence of level of the new sea. VII. Short=. 
ness of the time elapsed since the above revolution. 56. No- 
thing conjectural in this theory, facts being its only foundations: 
57. ‘The strata of granite form the most ancient geological monu-_ 
ment. 58. Effects produced on the new continents by atmosphe- 
rical causes. 59. The production of granite must have been a 
first operation, resulting from the accession of some new CAUSE» 
60. How far Chemistry is useful in Geology. 61. Liquidity 
being necessary to every chemical precipitation, the first change 
which took place in the mass containing the ingredients of ost 
nite consisted in its acquiring lquédity. 62. This liquidity 
could have been produced by the union of fre only with the 
molecules of the mass. 63. M. de la Métherie’s miscon ep- 
tion of this point. 64. Water, ice, and aqueous omnes 
the three forms under which that substance now appears, 
which, previously to its union with the jire of Uquefaction, 
could not be described by either of those terms. 65. In that 
elementary state, the particles of this substance were intermixed 
with all others; when united with fire, it formed the primordial 
liquid, whence our mineral strata and the atmosphere were suc- 
cessively separated; and the waters of the present sea then re- 
mained as a residuum. | 66. Fire being composed of light, and 
of another substance belonging to the atmosphere and to ter- 
restrial bodies, the latter, though intermixed with all other 
could produce neither heat nor liquidity, 
66. a. The source of light 


, 


élementary particles, 
till it received the addition of light. 
beyond the reach of philosophical research. 67. The sea, hav- 


ing lost all the substances which produced our mineral strata, 
no such precipitations now take place in it; nor is the mass of | 
the strata any longer subject to the catastrophes, by which, . 
their preceding revolutions had been occasioned. 68. Volcanos. 
have not contributed to these effects in any way yet discovered. | 
69. The causes of the successive differences of precipitations, and. 
of the subsequent catastrophes of the strata, must have been con 
tained within the earth itself. 70. Question whether the high- 
est parts of the earth have been raised, or the lowest have sué- 
ence of caverns a fixed point in Geology; 


sided. 71. The existe 
but, according to. the. theory of subsidence, they have been 


mostly jilled up; according to that of elevation, they must still 
exist. 


XV 


; ” 
etist. 72. The object of the following Dissertation Will bets’ 
examine how far the original state of each part of the surface 
of ouf continents can be determined by an investigation of the 
causes which have acted on- them, and: of the Gnets produced 


by those causes. fo yiios 


DISSERTATION 
On the geological phenomena which determine the state of our 
continents at their birth. Preceded by some general remarks on 
the causes which retard decisions in the study of Nature; 
and containing an examination of Ae Hurtron’s Theory UA 
the Earth, 


§ 73. The state of our continents at their birth forms a central 
point, to which all observations of phenomena ought to tend. 


44, 75. Necessity of studying the causes now in action on the 


continents, and determining what effects they have already 
produced. 76. The same phenomenon, accompanied by differ- 
ent circumstances, requires repeated’ observation. 77. The 
observation of phenomena in their various associations with each 
other, will enable us to ascend to their respective causes, which | 
are-all mutually connected by corresponding links. 78. Eagers 


néss of the human mind to generalize phenomena, before it has 


sufficiently ascertained their distinctive characters. 79. The 
decomposition of phenomena recommended by Bacon. $0. Danget 
of generalizing complicated phenomena.» $1. No conelusions 
rélative to’ causes should be drawn, until the most remote have 
been studied no less carefully than the immediate, and until the 


circumstances have been distinguished by which the phenomena 


are connected with each other. 81. a. A previous assemblage 
of solid general principles leads to the only safe way in which 
conclusions may be formed. 82. Generalizations, however just, 


‘ bear ho intrinsic characters of truth, 83, 84. Details of phe» 


noména are therefore required, to furnish proofs of the truth 
of generalizations. 85. The state of our continents at their 
origin can be determined only by an investigation of the causes 
now operating, and of the changes already produced. 86. Con- 
clusions drawn by Dr. [Hutton from this. mode of inquiry. 
87. Mr. De Luc had formerly addressed four letters to Dri 
Hutton on the subject of lis theory. 88. These werelittle no- 
ticed by that gentleman, and by Mr. Playfair, probably because 

they 


xvi 
; e 
they chiefly contained generalizations of phenomena. 89. Mr.. 
De-Luc’s Letters to Prof. Blumenbach, contain the exposition of 
the whole of his system. 90. Acquiescence of Messrs. de Do- 
tomieu and de Saussure in his opinions respecting the small an-, 
tiquity of our continents. 91, 92. Little attention paid to his 
writings by Dr. Hutton and Mr. Playfair. 93. The above 


question must ultimately be decided by fucts. 94. Mr. Play- * 


fair’s opinion that the present line of our coasts, with their gulphs 
and promontories, has been formed by the. action of the sea. 
95. The tendency of that action is, on the contrary, to fill up 
gulphs, and to destroy promontories, originally existing around 
our continents. 96. The fragments of rock which fall from the 
cliffs, being impelled against them by the waves, form in time 


an elevated beach at their foot: the action of the sea, thereforey — 
could not have originally produced those cliffs, which, by this_ 


process, it tends to place beyond the reach of its waves. 97. Mr. 
Playfair’s own description of the phenomena of low coasts proves 
that no action of the sea could have produced cliffs. The gain 


of the land on the coasts is not wholly at the expense of the — 


higher grounds, but results, in a great measure, from the sand of 
the sea itself. 97. a. The cascades falling down into the princi- 
pal valley, and the semi-cones of rubbish formed under, them 
against its sides, disprove Mr. Playfair’s assertion that: none of 
the fateral vallies join it at either too igh or too low a level. 
98, 99. Mr. Playfair.infers the remote antiquity of our conti- 


nents from successive platforms of alluvial land on the sidesiof — 


vallies in which rivers flow. . 100. Such platforms: do not con- 


sist of alluvial land. 101. Alluvial land 1s disposed in horizon- ~ 


tal strata, of which the lowest always contain the dergest materi- 
ais; but in these platforms, the strata are often inclined, and 
the gravel i is most~commonly above the sand. 102. Operations 
of rivers.in loose soils. 103. Rivers, which traverse their own 
alluvial land, run, in dry seasons,’on a level lower than that 
ef the adjacent grounds, | 104. Those which run always lower, 
either on both sides, or on one only, have cut their channels in 
original soils; hence result three distinct cases: Ist, Where their 
action has gradually cut through an eminence composed of loose 
materials, round which they have not been able. to wind. 
105. 2dly, Where they have attacked and cut off a promontory 
in their way, forming it into an abrupt cl, while they have 

left 
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left 'a peculiar kind of alluvial landion the opposite side’ of their 
stream. 106. ‘3dly, Where their course has chanced °to lie at 
the foot of ‘an original cliff of loose materials; “in whichi case: 
there ‘is no!alluvial land on the opposite side. \106.:a. In all 
these cases, the sections: of 'the strata are shown on the banksy 
and may easily be’distinguished from those of alluvial land» 
107. The’ dissimilarity of the strata on the Opposite sides of 
rivers’ maintained) in opposition'to Mr. Playfair’s assertion of 
their: identity. 108..In what. manner a lapidary would natu- 
tally reason; if informedsof Mr. Playfair’s comparison between 
the wayin whichoa river had*cut its course through a rock, and 
that in which hevdivides ‘a block of! marble with his:saw.) .109) 
210. What conclusions a lapidary, thus led to meditate, would: 
probably draw: respecting the disorder prevalent in) the strata. 
£11,112. Inconsistency of ascribing the farmation of loose strata 
to the rivers, \and) yet supposing those rivers to have suxk their 
beds. in:loose) strata, when they) first began to flow... 113, 
114. Huttonian) opinions, relative to the migration of) stones. 
115. Lakes oppose a strong check to the system of, the waste. 
produced by runmng waters... 116——120. Mr. Playfair’s account 
of the process by which lakes have been filled up, and cataracts 
effaced. | 121. He'speaks of the lake of Geneva as forming an 
exception to otherlakes. 122, 123. The daw of changes applied 
an the Huttonian theory to an alternation of continents on this 
globe. 124, Mr. Playfair’s frst attempt to account for the lake 
of Geneva, by supposing an uncertainty with regard to its ori« 
ginal dimensions. 125. Those dimensions ascertained by a cirs 
cumstance mentioned. by himself... 126, 127. The furrows on 
the side of Mant Saléve, supposed by M. de Saussure to be 
traces. of a current, are really effects of the partial subsidences 
of separated masses ofthe strwta,, 128. Had the level of the 
lake ever stood.as high as Mr, Playfair supposes,.its dimensions 
would ‘still: have been too smal} ta contain the sediments of the 
Rhone and.its tributary streams,,if the vallies in which, they flow.+ 
had really been excavated by them. 129. The other phenomena 
of the tract,of ground, which would then have formed its basin,: 
disagree with Mr,.-Playfair’s own, account of alluvial lands, 
130. Mr..Playfair’s second. hypothesis ef the production, of. this 
lake by, the dissolution of. a.saling stratum. , 131-134. How far 

% Mr. 


p oe “4 


XVAN 

Msé Playfair adheres to the rules of philosophical investigation; 
which he ‘particularly claims in. this inquiry: °135+137,,No 
aceurate:judgment.can be formed of the cireumstances respecte 
ing the dake of Geneva,,without: a full. consideration of thalt 
whole) space, surrounded -by mountains, of which it occupies 
onlya ‘part. . Description; from. M) de Saussure; | iof the:defile 
af LiKeluse. 438. Of  Mogé.Saleve... 189..\ Remarks on. “iti 
140. Of Les Vorrons. | 147. Remarks on; the idifference: between 
that: «mountain and, Saleve.i.:142.: The ofiginal horizontiolitysof 
strata: proved: by the phenomenan of thebreccias: 1148-945. Of 
the Rocks of: Mellerie, and: the coast.of thelake frotw Town nonde 
to: St. Gingough. | 146. Of: the rocks of St: Tryphdén ard Chants 
gugny, the mountains: on. the left: bank of the:._ Rhone: ahd the 
lake, and’ the Val-de Lie: ) 145. a. Phese descriptions, clearly, 
point out the true cause of the production of \vadlies! andi of, the 
cavities of lakes, since they show: the parts’ where fractures: took 
place in the strata, and thei different degreessof depression sats 
fered’ by the separated masses. » 146. a The attention iofi gedlos 
gical: observers ought to be'particularly directed to these.effects: 
147. Of the lakes: of Juta.\148...Of they Dent ide’ Vaulion, 
149. Of: the: manner in: which: the ‘above. lakes sare: dramed; 
150. Of Val-orbe. 151—157. Remarks andinferences! 158: Use 
- of details concerning phenomena..." ‘M, de Saussure’s description 
of the lakes of Neuchatel, Bienne, and» Monat,:\159. These 
three lakes. were formerly united. + 160. Evident’ marks of: des 
pression in those spots. 164): ‘Remarkable situation of a!econsis 
derable mass of marle. 162, The dipping of the strata under 
the waters of the lakes points out where the masses’ sunk, ‘by 
the depression of which those: cavities were fornied: 163, Of 
the lake of Annecy. 164. Additional: details respecting the 
mountains which surround it. 1165. Les: Bornes: 166. Valley — 
between’ that mountain and Saléve. M, de Saussure’s descrips 
tion of the Brezon. 167: Of the valley: of Faucigny. '1680 A 
correspondence between salient'and@ retreating: angles‘is frequent 
in ‘narrow ‘vallies; which dre commonly the effect “oft: apstrigle 
fractire; but not in large vallies, which are produced! by” ewe 
fractures, with a depression’ of the intermediate part, oM ede 
- Saussnre’s description of the Monts Vergi. :168.'a. Of. the 
Bees" ‘and of the mountains whith: follow: ity: ‘269.’ Qf the 
Vallée 
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Vallée du\ Reposoir.’: 170. Of the lake of- Bowrguet.. 171. De- 
ductions from the foregoing descriptions, that the lake of Geneva. 
‘forms no exception to other lakes; that its cavity does, not 
Owe its production to any local cause, but to the same. which 
produced all the basins of othet lakes, and all vallies ; and'that 
‘the effects of that cause are- plainly visible in the surrounding 
scenery. 172. That cause acknowledged by Mr, Playfair, un- 
connected as it is with his other’ hypotheses: his opinions re- 
specting partial elevations and depressions. 173. Concerning the 
phenomena of siifts.in mines. 174. Concerning the ‘angular 
motion of the strata, and the supposed: existence of an erpands- 
ing’ power, directed’ from thé centre toward the circumference, 
174. a. The angular movements of the strata will afford a fair 
criterion of the two opposite theories of subsidence and elevation. 
175. The masses, which form our mountains, could not havé un- 
dergone those motions, unless; by the subsidencé of other masses, 
and the consequent production of vallies, spaces had been afforded 
them in which they could freely turn. 176. Mr. Playfair’s 
statement of the Huttonian theory with respect to the expanding 
power of heat. 177, 178. He considers as separately demon: 
strated the two propositions on which it rests; viz. the elevation 
~ of our continents'from the bottom of the sea, and the consolida~ 
tion, by heat, of the mineral strata. 179. Examination of the 
probability of the existence of such a power, and. of the mode 
of its'action. 180. Mr. Playfair deduces its existence from the 
impossibility that any other power but that of Jusion could have 
consolidated the materials of destroyed continents at the bottom 
of the sea. 181. The power of fusion is net; however, a puwer 
of elevation; the intermediate idea of expansion is wanting. Not 
” heat itself, but only an eapansible ftuid produced by heat, could 
have power, by its density, to elevate the mass of our continents; 
and no sooner should that mass be fractured; than the fluid 
would escupe'through the openings, and the mass would sink 
down again in ruins.” 182. Mr. Playfair provides: against. this 
‘objection, by ‘supposing’ the breaches and) separations’ in the 
strata to be completely filled umby unstratified minerals. 183. Ne- 
cessity of therefore examining whether these-breaches are ac- 
tually filled up: 184=186; Metallic veins considered ‘with this. 
yiew; their contents shown tobe stratified. 187. ‘Little: import- 
a2 "ance 
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ance of closing these passages, since the subsequent formation 

of caverns must have supplied so many others for the escape of 
the expansible fluid. 188, Basaltes and whinstone; having ywn- 

dergone the same catastrophes as the other strata, cannot be 

considered as instruments in those very catastrophes. 189, 

190. The supposition that the materials for one set of continents 

are supplied by the waste of another, and carried down by running 

waters to the sea, is refuted by the impossibility that such sub« 

stances, necessarily wtermingled confusedly with eachother, should. 

in the sea, be separated according to their respective genera and 

species, and laid over its bed in distinct strata. 191.’ Proofs of 

the non-existence of a great internal heat of the globe, from the 

remains of marine animals found in our continents, and from. the 

intermixture of loose with stany strata. 198, System ‘of chemical 

precipitations. 194. Since our mineral strata were certainly 
formed at the bottom of the ancient sea, their materials must 

either have proceeded from the lands which surrounded it, or 

have been separated from the guid which composed it, Per- 

emptory exclusion of the first of these propositions. 195. Esta- 

blishment of the second, 196. The elementary ingredients of the 

primordial liquid being now dispersed in combinations which are . 
but imperfectly known to us, we cannot ascend to the primor- 

dial operations by specific affinities, 197. Impossibility of recom- 

posing mineral substances. with the caercible ingredients furnished 
by our analyses. 198. The greatest part of the ingredients, now 

composing the known substances of our globe, were contained 

in the primordial liquid, and separated fram it by successive prez 

cipitations, produced by the ascent of new ingredients, and the 

escape of those expansible fluids by which our atmosphere was 

formed. 199. Dr. Hutton’s exposition of his hypothesis re- 

specting the expansive power of heat. 200. He considers this 

power as exercised by an expansible fluid, which he calls fiery 

wapour, 201. He deduces the first proof of his theory from the 

situation of volcanoes on the highest mountains. 202, The se- 

cond, from /avas found among the strata of the earth, 203, Ac- 

count of the elevation of the new island, near Santorini. 204, 

205. Want of analogy between this volcanic operation, and the 

supposed elevation of our mineral strata. 206—208. The sink- 

ing down of volcanic cones is an exemplification of the manner in 
ans by | which 
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which our continents would have sunk, if their elevation had beets 
produéed by expansible fluids, which must have escaped through 
fissures in their vault. 209, 210. Evident stability of the state 
in which depressed masses rest ‘on the bottom of pre-existing cas 
verns into which they had sunk, and impossibility of the suspen- 
sion of fractured continents over caverns formed by the very act 
of their elevation. 211, 212. Indignation of Mr: Playfair 
against M. De Luc’s theory, and explanation of the mistake by 
which it has been excited: 213. The Huttonian theory assumes : 
the fusion of granite, in order that the consequent raising of 
this substance may appear to have filled up the interstices of the 
broken strata, and cemented the whole of the vault. 214, , 
215. Process of volcanic eruptions, aid impossibility of applying 
that process to melted granite. 216. Great importance of the 
question, whether granite is a product of fusion, or a result of 
chemical precipitations. 217. Mr. Playfair’s singular inference 
from the’crystals of granite, and misrepresentation of M. de> 
Saussure’s opifion respecting that substance, 218. M. de 
Saussure’s real opinion shown from his works. 219. His de=— 
scription of the diguille du Midi. 220. His acknowledgment 
of an error in his first’ account of it. 221. His demonstration 
of the stratification of granite. 222. Mr. De. Luc’s opinion.on 
the subject decided by that demonstration. 223. Mr. Playfair 
supposes the extravasation of granite to have been prevented by 
the schistus; which formed an exterior crust, 224. Granite, 
while in a state of fusion, could not have obstructed the escape 
of the expansible fluids. 225. Phenomenon of the blocks of 
granite, and other stunes, scattered over the surface in various 
parts of our continents. 226—229. The possibility of their 
transportation by running waters; from mountains, whence they 
had been originally detached; opposed by Mr. De Luc, on ac- 
count of the interposition of mountainous ridges, over. which 
they could not have been conveyed; but maintained by Mr. 
Playfair, on the hypethesis that their migration had taken place, 
before vallies had been excavated, or mountains cut into their 
present form. | 230. The operations supposed in this hypothesis 
could not have been executed in any time, however’ prolonged,’ 
unless means of action should also have been supplied.. 231. No 
blocks of granite could have been detached from the supposed 
a3 convex 
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convex mass of solid strata, at the ‘summit.only of .which, they 
granite had originally appeared. . 252. Could blocks have been» 
produced on such summits, no torrents could have been formed. 
there to put, them in motion... 233. The glaciers.supposed) by; 
Mr. Playfair to have been powerful engines for the transporta-, 
tion of blocks. 234. The only fragments accumulated on gla-. 
ciers are those detached from the steep sides of superincumbent, 
rocks. 235. Mr. Playfair supposes that the waste: of ‘the soil, 
under the blocks may have been one cause of their migration... 
236—238. Phenomenon of rocking stones; whence he considers. 
an unequal decomposition of the surface of blocks as another pro-, 
bable cause of their migration. 239. M. de Saussure’s descrip- 
tion of the valley of Urseren. 240. Of the valley and lake of) 
Oberalp.. 241. Remarks on these descriptious., 242. They are» 
opposed to the consequence deduced by Mr. Playfair from M.., 
de Saussure’s account of a mass of /apis ollaris. in the valley of, 
Urseren. 243. Mr. Playfair’s objection to the introduction of, 
extraordinm y causes in geological disquisitions. 244. He con-" 
siders as such the débacle of M. de Saussure, but avoids men- — 
tioning the deluge, as illustrated by Mr. De Luc. 245. No. 
theory contains ‘more extraordinary causes than Dr. Hutton’s., 
246. M. de Saussure, by his. débacle, intended only the retreat. 
of the sea from the new continents, which is a fact. 247. He 
ascribed, however, too much power to that retreat, and to early - 
torrents.) 248, 249. The principle that the force of running 
waters is the smailest.at the most elevated point, which Mr. Play-. 
fair adduces in proofithat they have excavated the vallies, proves. 
the contrary: in the very valley which he takes as an example. 
250, 251. M. de Saussure’s deseription of this valley, lying be-. 
tween the Col de Ferret and the Col de Seigne. 252. Of the lake: 
of Combal. 253. Of the Glacier de Miage. 254, The smalt. 
quantity of the stones deposited at the extremity of the glaciers: 
isa proof that the accumulation cannot have been the work) of ' 
many ages. 255. In deducing the origin of the blocks of gra~ 
nite from granitic mountains, their genus only has been consi-. 
dered ; whereas their species ought also to be examined. 256. The: 
granite of the blocks is frequently very dissimilar from that of 
the nearest. granitic mountains. - 257. The same circumstance 
attends blocks of various other genera, Mr.»Playfair’s suppo= 
ce ~ 3 sition 
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sition) that the flints.on the Blackdown -hills,.are the remains of, 
decomposed limestone. stratas. 258,259... Gravel, of granulated, 
quartz in, sandstone near. Burmangham, supposed by him to have, 
‘heen produced upon the; continents «since their, birth., 260); 
261;: The detajledi exaniinatian of, these hypotheses\referred,, te 
Mr; De Luc’s Travels. ».262.,,.Quantities-of large blocks  of.grax, 
nulated ;quantz,inssome counties of England, 203. Mr, Playfair’s: 
persuasion of the proportion which prevails, between the size, of: 
stones, wand the yeicinity ofthe mountains whence he supposes, 
theni te have proceededs:!) 264. Such:a proportion would \exist,; 
were stones:really, derived’ from mountains; but. with respect, to, 
the, seattered» blocks and . gravel, the, factis direetly contrary,; 
265.) Me ide /Saussure’s, description of} the plain of. Lombandy., 
266,: Impossibility of supposing an, uniform -declivity from the. 
central; point of the Alps .to, that plain. ever. to, have existed»: 
_ 267. Novvestiges are to be found of any track which could have 
beem pursued iby the d/ocks now. scattered in) various, parts, of} 
Germanys: 1208. Blocks of granite found atthe bottom of a bed, 
of fossile: peat, under stony strata, in Mount .Mesner. 2095" 
270. Large masses of culcarequs stone, ina valley in Hildeshem,; 
of.a nature different from that of all the neighbouring calcareous 
mountains.» 271., Phenomena, ofa similar. kind in. Irelands 
272: Repetitions of catastrophes: were continued. in, the parts, - 
which.’ now. constitute plams, much, longer than in mountainous 
tracts. Sandhills in the lower parts of» Piedmont and Lombardy, 
contain. marine shells and leaves of trees, which appearas if nearly, 
recent. 273, 274. Mr. Playfair’s opinion on the hillof Super= 
gue near Turin refuted from: the situation of the strata which, 
compose that hill. 275,276. The freshness of the marine shells, 
_ found in that and the neighbouring hills affords ai sufficient 
proof that many ages cannot have elapsed. since those, coun- 
tries were abandoned by the sea. 277. Distinction, between 
the terreau, or cultivated part of the loose. soil, and the Degen — 
table mould produced by the decomposition of vegetables: the 
accumulation of the latter. on original, soils, forming ..a., true 
chronometer. 278. The supposed migration of stones fully refuted 
by the facts which.have been stated. 279. No theory entitled '- 
,to confidence, which does not afford an. explanation of. the 
eneeents of the scattered blocks. 279, 4.281, The. two 
rival 
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rival! theories of elevation ‘and of subsidence considered with # 
view to'that phenomenon. ‘282, 283. Necessity, in the former,’ 
of supposing the blocks to have travelled in’ some manner upon) 
the’ sur/uce ; since ‘their ejection from! within by the expansible 
fuids, ‘liberated in that very'act, ‘must ‘have’ been: immediately 
followed by the sinking of the ‘raised -continents. °284\ In. the 
theory of' subsidence, the’ expansible fluids conitained in the ca= 
verns must have’increased so much in density from’ the enormous 
pressure exercised on them by the subsiding masses, as‘to have 
rushed out through, the intervals of: those masses with an irre? 
sistible impetuosity, throwing up to the'surface whatever frag- 
ments they encountered ‘in’ their way. 285. The lowest strata: 
of the masses having suffered the greatest collision, theit frags 
ments are found on the surface in the'greatest abundance;! those 
fragments varying in species, in a manner correspondent with 
what is known of the strata themselves: 286. Importarice of 
local lithologies, for the purpose of improving our acquaintance 
with the ‘internal parts of our continents. 287+ The: conflict 
produced between the water making way into the caverns during 
the descent of the great masses, and the erpansible fluids: then’ 
rushing out, was a cause of the trituration and dispersion of the 
fragments on the bottom of the sea, far more powerful than any 
action of water upon the continents. 288. Necessity of atten- 
tively considering the subject in every part. 289. Mr. Playfair 
invited to farther discussion. 290. REVIEW OF THE POINTS 
BSTABLISHED BY THE PRECEDING INVESTIGATIONS, | 291, 
Of the data respecting events previous to the birth of our eon- 
tinents, contained in ‘the foregoing conclusions. » 292. The 
proofs of these propositions ‘too much diversified to be de- 
tailed in this work, 293. They depend in part on experimental 
philosophy and chemistry: 294. And in part on the monuments 
remaining of the action of past causes, which monuments can- 
not be distinguished, without determining the state of our con- 
tinents at their birth. 295. The great geological questions con- 
nected with the latter objects are brought forward generally in 
this work ; and their particular proofs will be given in Mr. De® 
Luc’s Travels. 296. Common successions of. strata in the Alps. 
297. Their order different in different. countries. » 298. This 
subject requires to be farther illustrated by future observations. 
299. All. 
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269. All our knowledge of the mineral strata is derived from 
their catastrophes, by which masses, of the inferior strata have: 
been raised, up, and thus brought to sight. 300, General ime: 
portance of the subject... 301. Introduction to an appendix, 
containing remarks on some of Sir James Hall’s experiments, 
and Mr. Kirwan’ 's Geological unt So 


eer 
REMARKS ON SOME EXPERIMENTS OF SIR JAMES, HALL. 


§ 302. These experiments have been considered as a confirma-~ 
tion of Dr. Liutton’s hypothesis respecting the fired air in the 
calcareous strata, which he supposed to have been prevented by 
the pressure of the ocean from escaping, when subjected to a con~ 
solidating heat. 303—306., Short account of those experiments. 
307, 308. Analogy between them, and some which have been 
made on,agueous vapour, in supposed opposition to Mr. De Luc’s 
theary of evaporation... 309, 310. Mr. De Luc’s reply to the 
Jatters.; 314. Application.of that reply to Sir J. Hall’s experi- 
ments; shewing the difference between the resistance of a solid, 
which in| them was opposed to the production of the fixed air, 
and the pressure of the ocean, which that fluid would be able to 
pervade with the same facility, with which aqueous vapour per- 
vades the atmosphere. 312, Could the inference drawn from 
these experiments be meintained, it would really be fatal to Dr. 
Hutton’s, theory; since it would prove that the expansible fluid, 
supposed, in that theory, to have elevated the whole mass of 
strata, could never have been formed under the pressure of that 
mass, in addition to that of the ocean. . 

; | 
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| REMARKS ON MR. KIRWAN’S GEOLOGICAL ESSA¥S. 


&313.. Mr. Kirwan’s object,:as well as Mr. De Luc’s, is to 
support the authority of Genesis, by confuting the systems in 
opposition to it, 314, Mr. Kirwan, though eminent in chemis- 
try and mninerlogys has himself but little examined the various 

phenomena 
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phenomena of the‘earth, and‘has placed too great confidence'in 
the «descriptions of inaccurate observers.” 315. His: system. is 
founded: on ‘his’ persuasion that .owr present continents are the 
same with those on which the deluge’ todk» place 3" but Mr. De 
Luc’s is founded: on:the study of geological smoruments,’ which 
evidently show that our continents’ formed «the bed of the 
sea, till they became dry land in consequence of the revolution 
which produced the deltige. -"3T62"Bothsét out from the périod 
when the globe was encompassed by a Xquid; the precipitations 
- from which are supposed by Mr. ‘De Inc to’ have been*at ‘first 
disposed in strata; but by Mr. Kirwan to. have immediately 
formed the primetive mountains. 317) Both suppose the’ qtian- 
tity of the hquid to ave diminished on the surfaces: but) Mr. 
Kitwan believes: that the caverns'into which it sunk’ had: been 
produced by preceding volcanoes, and that, during the sameipe-: 
riod, secondary mountains were formed’ of materials:detached” | 
from the primitive.» 3Y8. Impossibility that those’ who had ex- 
amined these mountains could ascribe to them such a forfifation. 
319, 320. Circumstances -by which M.- de ‘Saussure was led to’ 
_ determine that the strata, which compose mountains, had at 
first been formed: im a horizontal situation.. 321." Mr. Kirwan! 
agrees with Mr. de Luc’that the ‘deluge was’ produced’ by thé’ 
waters of the sea. 322. The deluge was unquestionably # miira- 
_culous event; but the effects of whatever cause immediately pro- 
duced it must have been consistent with the ordinary course of | 
nature, and with the present appearance of the earth’s surface. 
323. Mr. De Luc’s'system shown to conform to these conditions. 
324. In Mr. Kirwan’s, the waters of the deluge are supposed to 
have proceeded! from the! southern ocean, ‘to have rushed zorth- 
wards, covering the tops of the’ highest mountains, and ‘then’ to 
have returned with equal impetuosity, and passed again into the 
interior of the globe. 325. He aScribes the ruinous aspect of 
hiils and mountains to this. violent attack of the sea, though so 
evidently produced! by catastrophes ofa different kind;"and he 
supposes the remains found in the northern hemisphere of animals, 
which now live! otly invthe southern, to be’ a’ proofiof a sudden 
motion of the sea’from south to.north.’ This affords no means of 
accouiting for the fossil remains of marine’animals;' which now 
no longer exist: in any:sea, and are’ found chiefly in the stony 
Pe strata. 
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strata. Impossibility that the bodies of the larger quadrupeds 
could have floated over chains of mountains. 326. Mr. Kirwan 
ascribes to the deluge those vast accumulations of shells, which 
are found in loose sods. Description of the circumstances at- 
tending such accumulations: the deductions from them shown 
to be directly subversive of his hypothesis. 327. The effects of 
sudden percussion, and of the residence of a liquid mass on 
solid substances, require to be determined, before the outlines 
of our continents can be ascribed to the operations of the de- 
_ luge, as supposed by Mr. Kirwan. 328. No precise objections 
adduced by Mr. Kirwan against Mr. De Luc’s theory. 329. The 
conclusions drawn in the present velume from general phenomena 
might suffice for the establishment of fixed and permanent bases 
in géolégy! 330: But,’ in order to command conviction, many 
precise: facts, of every elds to’ which these phenomena belong, 
must be detailed; °331)-Such: details w mat ayeely Per, given in 
Mr. De Lue’s: Fravels.’ 
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ERRATA. 
z i aes | tot. gotilue: 7p at 

Page 11, ...4 fr. the bottom, for chimera] read chimerical 
18, line 2 from the bottom, for conjesta read congesta 
91, ... 10 fr. the bottom, for ground read globe, , 
96, ... 2, for phenomena read phenomenon 

103, bottom line, for as read at first 

112, line 4 fr. the bottom, for disposition read senate 

201, dele the inverted commas before the 

243, 1. 4, for takes read take 

266, 1. 7, for water-trucks read water-tracks 

273, 1. 16, for remain read remains. 


PRELIMINARY DISCOURSE 


GEOLOGY. 
eiliunabs 


i; Or all the sciences, the most extensive and the 
most complex is that which was termed Gzorocy, 
long before it was entitled to the name. This appel- 
lation was thus prematurely bestowed on the science, 
in consequence of the inconsiderate haste against 
which the immor tal Bacon repeatedly ehutioned' those 
_ who devoted themselves to the study of nature. ‘The 
mind is at all times so eager to draw inferencés, that 
it will not stop to collect all the data necessary for 
deducing legitimate conclusions, respecting the objects 
on which it is employed, but is not unfrequently rash 
in proportion to the importance of the subject, while 
this very circumstance ought to preclude all precipi- 
tate decisions. Hence arises a considerable obstruc- 
tion to the real advancement of science, the pro- 
gress of which is much less TeReE RG by ignorance 
than by error. 


2, No sooner. had physical inquiries been so far 


pursued as to lead to the observation of phenomena, 
, which - 
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which indicated a series of past effects, than causes 
were assigned to them from every quarter. . This 
gave birth to a variety of Histories of the Globe, of 
Theoriés of the Far th which differed ‘as widely from 
each other as the fancies of their respective inventors, 
or as the particular phenomena which had led ae 
to some general conclusion. 


3. Yet if there be a science, in which advances 
ought to have been made with that scrupulous cau- 
tion so judiciously recommended by the great master 
to whom I have Just alluded, it is geology ;—for. the 
history of the earth is inseparably connected with that 
of man. ‘The other speculative sciences are, ‘for the 
most part, interesting only to those who cultivate them, 
and the errors which they may commit are of little 
consequence to the rest of mankind ; but every man 
is greatly interested in the decisions whieh respect his 
abode: for if it can once be’ ascer tained to ‘have 
nndergone various revolutions, some of’ these may 
have involved the human race, and on them may 
depend the solution of the question, /Vhat ts Man? 


4. It is here only that I shall permit myself to 
make an observation on this subject, in order to point 
out its importance; and this it is mcumbent on me 
_ to do, to the end that they, whose precipitation F have 
blamed, may be more upon their guard, while they 
follow me in the path which I shall pursue. Geology 
was useless to men in a moral view, previously to | 
the appearance of those numerous systems, which 
were 2 hazarded 1 in the course of the last century. To 

the 
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the Jews, the Christians, and the Mahometans, the 
book of Genesis presented the history of the earth; 
and of mankind ; and if the Pagans were not favoured 
with such direct means of information, the grand out- 
line of their mythologies bore so striking a ‘resem- 
blance to the Mosaic records, . that it was impossiblé 
_ not to acknowledge them to be, in common with the 
other nations, the descendants of Noah; a cirtum- 
stance which strongly confirmed the authority: of 
Genesis to those who were so fortunate as to possess 
that exact history of the origin of the human race, 
and of the principal events which have befallen it. 


5. No essential information, therefore, upon this 
subject, was. wanting to men; nor indeed can it be 
conceived that such knowledge should have been 
withheld from them, if they be considered only as 
rational and. moral, creatures of a God infinitely wise 
and good; for such a Being eould not have suffered 
them to remain ignorant of his existence, and of the 
relations which they bore to Him. ‘This reflection 
alone enabled the Theist to repel the arguments of a 
few sceptics against the reality of a revelation. from 
God to man. | 


6. But a complete change was made in this state 
of things by geology. All those, who have formed 
geological systems, have endeavoured to rest them 
upon facts, which relate to the history of the earth. 
This has called back the attention of men to that his- 
tory, as it is contained in Genesis, and consequentiy 
to that of the human race, with which it is connected; 
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and itwas soon inferred, that, if geology were contrary 
to Genesis, the latter must be fabulous... All attempts 
to elude so evident a conclusion would prove vain; 
and it must of necessity be admitted, that if geo- 
logy, a science founded on facts, and on strictly 
logical deductions, having attained all the characters 
of truth, were in reality found to be in opposition to 
what Genesis relates of those physical events of the 
earth, which are intimately connected with the human | 
race, the history of the latter would become vague 
and uncertain. | This is a consideration which I offer 
to those, whose profession it is to teach and defend 
revealed religion. The weapons by which it has: 
been attacked have been changed, and our modes of 
defence must be adapted to the arms of its assailants. 
They now attack it by geology; which therefore 
becomes:a science as_essential to theologians, as the 
study of the learned languages, or of those ancient 
arguments, which are already much neglected in the 
present times, and. which must henceforth derive 
their-chief support from the very science, through the 
medium of which, under the pretence of an appeal 
to facts, it is attempted to set them aside. 


7. In proportion, therefore, to the influence which 
geological systems will necessarily have, must be 
the caution observed by the friends of mankind in 
their inquiries respecting this great object. No ge-' 
neral inference, indeed, drawn from the physical sci- 
ences, could be more important to men than that in 
which Genesis was involved; for to consider that 
book as fabulous was to plunge them into a final 

uncer- 
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uncertainty, with regard to what it most concerned 
them to know, viz. their origin, their duties, and 
their destination :. it was sapping the very foundation 
on which the great edifice of society has always 
rested : it was, in short, abandoning men to them- 
selves; and those must have been little acquainted 
with them, who did not.foresee the fatal consequences 
which would inevitably ensue. 


8. Now the naturalists, who first published geo- 
logical systems contrary to Genesis, were guilty of 
this want of consideration ; for time has pronounced 
sentence on them; all these systems have already 
fallen, in consequence of the increase of knowledge ; 
and thus is become obvious the imprudence of their 
attack on that, which a sublime tradition had esta- 
blished among men. Impelled by the love of fame, 
and solicitous: for reputation, they lost sight of that 
- future state, which constituted the chief value of 
their own existence, and were wholly inattentive to 
the rest of mankind. ‘This is the most favourable 
interpretation of the conduct of those who have ma- 
nifested, and still continue to manifest, such levity 
and imprudence in their geological pursuits. 


9. I shall not apologize for those, who, without 
possessing a greater share of information, have 
treated the same subject with a view of defending 
Genesis. ° For this premature undertaking has like- 
wise produced various chimerical systems ; and their 
* authors did not consider that, as the science of which 
they ventured to treat, was of vast extent, they could 

not 
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“not flatter themselves that their researches had been 
sufficiently deep to guard them against the danger of 
being contradicted by new facts, and of thus mjuring 
the cause, which it was their object to defend. And 
so, in reality, it has happened ; for the adversaries 
of Genesis, by overthrowing those groundless sys- 
tems, imagined that they triumphed over Genesis 
itself. While geology, therefore, was in its infancy, 
philosophers should have contented themselves with 
pointing out the errors of the anti-mosaical systems, 
for which the state of the physical sciences was suf- 
ficiently advanced to have readily furnished them: 
with the means; and they should not have hazarded. 
theories, before they had taken every requisite pre- 
caution to fix them upon an immoveable foundation, 


10. I shall no longer dwell upon the connection 
subsisting between geology and Genesis ; a connec- 
tion which I have pointed out in other works. In 
adverting to it in this place, I have been influenced 
by no other motive, than the obligation to set forth 
the importance of the subject; and I solicit the 
attention, not only of those who themselves endea- 
vour to form systems, but of that more numerous 
class, consisting of those who read them, and wifh 
to form fixed opinions. This is not merely one of 
those subjects of natural history, or natural philoso- 
phy, in regard to which it would be of little conse-__ 
- quence to mankind, whether erroneous theories were 
formed:or adopted: a most important moral object 
is combined with it, by the indissoluble connection 
which subsists between the history of the human race, 
and that of the earth; an object, which ought to be 

always 
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always kept in view, as well by those, who, not pur- 
suing the road which alone can lead to truth, may 
betray mankind into fatal error, as by those, who, 
not having qualified themselves by previous study to 
judge of thesé’systems, embrace hypotheses’ from 
mere appearances. I more particularly request the 
latter to suspend their judgment in regard to geology, 


_ until they shall have bestowed upon it sufficient time 
_ to enable themselves to become at least acquainted 


with its extent; and I as earnestly entreat those, 


who have formed or adopted systems which I shall 


hereafter combat, to follow me with caution in the 
path which I shall tread, while I establish some fun- 


‘damental points in geology ; to do which will hence- 


forth be my only object. 


11. It will be proper, in this place, to mention a 


_ theory, to which I shall frequently have occasion to 


advert in the course of my discussions. Mr. Joun 
Puiayrair, Member of the Royal Society of Edin- 
burgh, and Mathematical Professor in that Univer- 
sity, after the decease of his friend Dr. Hurron, un- 
dertook the defence of his Geological Theory, and 
republished it at Edinburgh, in the year 1802, under 
the title of Illustrations of the Huttonian Theory of 
the Earth. ‘This is one of the latest and most me- 
thodical works on geology; written by a man pos- 
sessed of considerable talents; who sets out from 
general data no less true than they are important ; 
who appears invariably to proceed. with the most 
euarded caution, and knows how to diffuse a peculiar 
interest upon the discussion of scientific subjects. 


In 
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In order to give some general idea of the subject of 
this work, wrhtieh I shall have principally in view, | 
shall begin by transcribing the ss ae ca 


“ The Treatise here offered to the public, was 
drawn up with a view of explaining Dr. Hutton’s 


“€ and perspicuous than is done in his own writings. 

The obscurity of these has often been complained 
of; and thence, no doubt, it has arisen that so 
‘ little attention has been paid to the ingenious and 
original speculations which they contain. 


‘The simplest way of accomplishing the object 
proposed, seemed to be, to present a general out- 
line of the system, in one continued Discourse ; 
and to introduce afterwards, in the form of Kanes 
what farther elucidation any particular subject 
“ was thought to demand. Through the whole, I 
have aimed at little more than a clear exposition. 
of facts, and a plain deduction of the conclusions 
* grounded on them; nor shall J claim any merit 
‘§ to myself, if, in ‘be order which -I have found it 
necessary to adopt, some arguments may have 
taken a new form, and some additions may have 
been made to a system naturally rich in the num- 
“ ber and variety of its illustrations. 


h 


“ OF the qualifications which this undertaking 
requires, there is one that I may safely suppose 
€ myself to possess. Having been instructed by 
sf Dr. Hutton himself in his Theory of the Earth ; 
ry having 
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Theory of the Earth in a manner more popular _ 
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'¢ having lived in intimate friendship with that ex- 
cellent man for several years, and almost. in the 
daily habit of discussing the questions here treated 
“of; I have had the best opportunity of under- 
“ standing-his views, and becoming acquainted with 
“ his peculiarities, whether of expression, or of 
*‘ thought. Im the other qualifications necessary 
for the illustration of a system so extensive and 
* various, I am abundantly sensible of my defi- 
ciency, and shall therefore, with great deference, 
** and considerable anxiety, wait that decision from 
** which there is no appeal,” 


~~ 
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12. By such a decision ought to be understood 
that offacts ; and I shall adduce no other arguments 
upon the objects jn regard to which I do not acqui- 
esce in the theory shit Mr. Playfair has attempted 
to defend. [rom the time that this theory first 
appeared, I bestowed upon it all the attention, which 
the genius of the author so justly claimed, and to 
which his politeness in sending me a copy of it, 
on its publication m the Philosophical Transactions 
of the Royal Society of Edinburgh, was entitled. 
I saw him gradually drawn into the adoption of a 
general system, in consequence of some mineralo- 
gical details, on which his imagination had strongly 
_ dwelt, without having sufficiently noticed a number 


of important Shangiiends exhibited on the surface of 


the earth. His field of observation was confined to 
the island of Great Britain, and more particularly to. 

Scotland, where every thing appeared to him to con- 
| firm — 
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firm his preconceived opinions; but the ideas to 
which particular geological ‘objects really lead, can 
be understood only when “they ‘have ‘been viewed 
under a variety of aspects, and in different combina- 
tions ; and this renders it necessary to observe them 
_ jn a great number of different countries.’ I consi- 
dered Dr. Hutton’s hypothesis as entitled to a regu- 
lar examination ‘on my part, accompanied by the 
results of my numerous observations; and I wrote 
to him four successive letters, which were inserted 
in the Monthly Review for 1790 and 1791. «He 
published in 1795 a new exposition of his Theory, 
in two volumes; in this work he dweit but little 
upon the subject of my letters, probably because 
the facts which I submitted to him were in the 
form of generalization only ; he principally reverted 
to my first geological work, Lettres sur d ’ Histoire 
de la Terre et de ’ Homme, written at a period when 
essential information was yet wanting on many parts 
of this subject, with which, however, succeeding 
years had furnished me when I wrote to soe 


13. Mr. Playfair, who has followed his ee in 
the exposition of his theory, has given a very clear | 
view of the great extent of knomiledge which that 
important shibece requires ; and as this is a point 
necessary to be established, I shall first present a 
general idea of it in Mr. Playfair’s own words. 
After having pointed out unequivocal marks of the 
great revolutions which the surface of the globe has 
undergone, he thus proceeds, p. 2. 


&¢ To 


tl 


- * To trace the series of these revolutions, to exa 
* plain their causes, and thus to connect together 
‘‘ all the indications of change that are found in the 
* mineral kingdom, is the proper object of a theory 
“ of the earth, But though the attention of men 
* may be turned to the theory of the earth by a very 
“ superficial acquaintance with the phenomena of 
“ geology, the formation of such a tneory requires 
an accurate and extensive examination of those 
phenomena, and is inconsistent with any but a 
very advanced state of the physical sciences. 
There is, perhaps, in those sciences, no research 
more arduous than this ; none certainly where the 
subject is so complex, where the appearances are 
so extremely diversified, or so widely scattered, 

and where the causes that have operated ‘are so 
“ remote from the sphere ef ordinary observation. 

“ Hence the attempts to form a theory of the earth 
“are of very modern origin; and as, from the sim- 
‘* plicity of its subject, astronomy is the eldest, so, 

on account of the complexness of its subject, 
geology is the youngest of the sciences.” 


14. These observations are very just, inasmuch as. 
they point out the vast field which was to be explored, 
before a theory of the earth could be established upon 
a sglid basis, Is it surprising, therefore, that they, 
who had so hastily engaged in such pursuits, should 
have produced the most vroundless and chimeral 
systems? One of the great inconveniences, which, in _ 
the conflict of theories thus hazarded, has resulted 
from precipitation, is the opinion entertained by 

/ many - 
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many that these researches are vain; that it is im- 
possible to trace back the present state of the earth 
to the causes which produced that state; and that 
philosophers should confine themselves to (leit inves- - 
tigation of those which are actually operating. This 
opinion, which deprives geology of the assistance of 
several men well qualified to facilitate its progress, 
prejudices against those results of the science, which 
are already clearly ascertained, many others, to whom 
they would be necessary to settle their ideas respect- 
ing the history of mankind. TJ shall’ again employ 
Mr. Playfair’s expressions, at § 445 of his work, in 
order to describe this scepticism with “vegate to 


geology. 


“ Among the prejudices which a new theory 6f 
~€ the earth has to overcome, is an opinion held, or 
affected to be held, by many, that geological sci- 
ence is not yet ripe for such elevated and difficult 
_ speculations. They would, therefore, get rid of 
_“ these speculations, by moving the previous ques- 
tion, and declaring that at present we ought to have 
no theory at all. Weare not yet, they alledge, 
‘sufficiently acquainted with the phenomena of 
geology ; the subject is so various and extensive, 
that our knowledge of it must, for a long time, per- 
haps for ever, remain extremely imperfect. And 
hence it is, that the theories hitherto proposed have 
succeeded one another with so great rapidity, hardly 
any of them having been able to last longer than 
the discovery of anew fact, or a fact unknown when j 
“ it was invented, It has proved insufficient to con- _ 


ce 
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+ nect this fact with the phenomena already known, 
“« and has therefore been justly abandoned. In this 
“ manner, they say, have passed away the theories of 
‘ Woodward, Burnet, Whiston, and even of Buffon; 

- and so will pass, in theirturn, those of Hutton and 
“ Werner.” He does not add that of De Luc, but 
others have done so upon the same grounds. 


* nae Sarno valuable remarks are contained in the 
arguments which Mr. Playfair adduces in opposition 
to ‘this prejudice, and motives for hope are suggested 
by him, which indicate great.penetration: I shall 
therefore again use his own words for expressing these 
motives. But, among the means which he points 
out to ensure success, I shall notice one, as it occurs 
in the course of the quotation, which will hereafter 
become an important subject of discussion, 


‘ This unfavourable view of geology,” he conti- 
-nues, ‘ought not, however, to be received without 
examination ; in science, presumption is less hurt- 
‘* ful than despair, and inactivity is more dangerous: 
than error. One reason of the rapid suceession 
* of geological theories, is the mistake that has been 
‘made as to their object, and the folly of attempting 
to explain by them the first origin of things. This 
““ mistake has led to fanciful speculations, that had 
nothing but their novelty to recommend them, and — 
which, when that charm had ceased, were rejected — 
as mere suppositions, incapable of proof. But if 
“* it is once settled that a theory of the earth ought 
© to Daye: no other aim than to discover the laws that 

" * regulate 
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regulate the changeson the surface, or in the in- 
terior of the globe, the subject is brought within 
the sphere either of observation, or analogy ; and - 
there is no reason to suppose that man, who has 
numbered the stars, and measured their forces, 

shall reap prove unequal to this mph 
tion.” 


oe 
nw 


16. This is the means of success, in regard to which 
{ differ from Mr. Playfair: he would lay down, as a 
fixed point m geology, the very part of his friend’s 
theory, to wititchié is probably owing the little attention 
which has, as he complains, been paid toit; namely, 
that nothing is to be the object of investigation in the 
history of the earth, but the laws that regulate the 
changes of its surface; excluding thus every inquiry 
respecting a primordial constitution of the earth, 
whence these changes might follow. It is not from 
its obscurity, as Mr. Playfair imagines, that his friend’s 
theory has not attracted much attention, smce it is 
not difficult to be understood ; but its nature, which 
Ishall hereafter discuss. I shall at present, there- 
fore, confine myself to noticing a mistake, which he 
has himself committed in respect to other theorics. 
I am acquainted with no geological system worthy 
of regard, attempting to explain the first origin of 
things, which in truth would be a folly. But, by 
tracing with the necessary attention the characters 
of geological monuments, a succession is clearly 
discernible, by'means of which I believe it possible 
to go back to some epoch, at which none of them did 
as yet exist, and to determine what was then the state 

7 | of 


of things upon our globe, and what are the causes 

__frenrwhiclrits-actual state has proceeded... For the» 
present, I shall content myself with thus noticing 
those objects of discussion, of which hereafter I shali 
treat at large; and I now return to the arguments 
of Mr. Playfair against scepticism im geology, in 
Which we fully agree. 


66. 


 ‘This'is, however, a.conclusion that-hardly any one 
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© Again,” he says,“ theories that have a rational 
object, though they be false or imperfect) in their 


principles, are for the most part approximations 
to the truth, suited to the information at. the 


time when.they were proposed. ‘Ehey are steps, 


therefore, in the advancement of knowledge, and 
are terms of a series that must end when the real 
laws of nature are discovered. It is, on this 
account,-rash to conclude, that, in the revolutions 


of science, what has happened:must.continue: to 
happen, and because systems have changed rapidly 


in time past, thatthey must necessarily do so in 


time to come. 


be 


“He who would have reasoned so, and who had 


seen the ancient physical systems, at first all rivals 


to one another, and then swallowed up by the 


‘Aristotelian; the Aristotelian physics giving way 


to those: of Des Cartes, and the physics of Des 


Cartes to:those of Newton; would have predicted 
that these last were also, in their turn, to. give 


places to the philosophy of seme later period. 

will now be bold enough to maintain, after a hun- - 

E aNd dred 
4 cael 


et 


tal 
~ 


€¢ 


‘16 

dred years of the most scrupulous exarnittiation 
have done nothing but add to the evidence of the 
Newtonian system. It seems certain, therefore; 
that the rise and fall of theories in times past, does 
not argue that the same will happen i in the time 
that is to come. | | 

“ The multifarious and extremely diversified ob« 
ject of geological researches does, no doubt, ren- 
der the first steps difficult, and may very well 
account for the instability hitherto observed in 
such theories; but the very same thing gives rea- 
son for expecting a very high degree of certainty 
to be ultimately attained in these inquiries. 

“ Where the phenomena are few and simple, there 
may be several different theories that will explain 
them in a manner equally satisfactory ; and in 
such cases, the true and the false hypotheses are 
not easily distinguished from one another. When, 
on the other hand, the phenomena are greatly 
varied, the probability is, that among them some 
of those izstantie crucis,” (phenomena described 


by Bacon) “ will be found, that exclude every hypo- 
“ thesis but one, and reduce the explanation given 
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to the highest degree of certainty—Hence the 
number, the variety, and even the complication of 
facts, contribute ultimately to separate truth from: 
falsehood ; and the same causes, which, in any 
case, render the first attempts toward’a theory 
difficult, make the final success of such apn 


“ just so much the more probable,” 
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17. This new passage of Mr. Playfair convineed 


-me of what I have already stated, that he had formed 


avery correct judgment of geology; and that, while 
he had seen the extent of the objects which it ought to 
comprise, he had not given way to the opinion - that 
it exceeded the reach of human capacity. ‘This pas- 
sage, as well as many other parts of his work, make it 
evident that he has carefully studied the immortal 
Bacon, whose luminous principles are fallen at this 
day into so much neglect, to the great detriment of 
natural science. Mr. Playfair well understood that 


the voluminous writings of that great philosopher had 


not, for their ultimate object, what superficial natu- 
ralists would esteem as solely useful; namely, details 
of natural history and natural philosophy, to which 
such persons exclusively attend. Thus, judging 
Bacon in this single view, they consider themselves 
as much more enlightened than he was, although so 
eminent in his time; and suffer his volumes to re- 


main upon the dusty shelves of libraries, without 


having perceived in them that, which will ever -bring 
them. to the recollection of true philosophers, and 
which Mr. Playfair has in many respects well under- 
stood, though he has sometimes departed from it. 


18. The sagacity of Bacon enabled him to discover 
the immense variety of the phenomena of nature ; the. 
strength of his genius, however, prevented him from 
considering this variety as forming insuper able ob- 
stacles to the advancement of science, provided they 


‘were studied with less of the impatience and pre- 
sumption, which, till then, had prevailed among phi- 
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losophers. In his cogitata prefixed to the de Aug- 
mentis Scientiarum, ‘after having examined, with 
profound attention, the amount lof human know- 
ledge in his time, and the means by which it 
tvad been acquired, he thus proceeds: “ Whence it. 
“arises that these first notions of things, which 
‘ constitute the whole of the means employed by 
** human reason in the study of nature, are neither 
* well arranged, nor well built up, but form, as it 
“* were, a massy fabric, magnificent indeed, but 
Hf without foundation *.” 


Tw 


“k 7 hibse foo ne? indionéd the rule by which Bacon 
was guided. in‘his attempts, not to erect the edifice of 
seience, for that requires the whole collection of facts, 
and. he found none that were not ill chosen, and as 
il arranged; but only to lay the foundation of that — 
fabric, by fixing principles of inquiry concerning the 
materials and their respective uses, and by furnishing ~ 
the most’ precise instructions for ascending, by the 
determination of the true characters of phenomena, 
to the causes from auc? they originate. 


wars ¢ 


19. It eiliabeat for thie purpose of illustratiag his — 
precepts, that Bacon endeavoured to avail himself of 
what was in his time-the least defective in the descrip- 
tions of phenomena afforded by natural history, and ~ 
natural philosophy ; and if we reflect on the collection 

* Ex quo fit ut universa ista ratio humana, (notiones rerum 
prim) qua utimur quoad inquisi¢ionem nature, non bené con- 


jesta et edificata sit, sed tanguam moles aliqua magnifica sine 
fundamente, 
_ of 
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of facts then assembled, it will-m every fegpeekhe 
found very inferior to the stock of knowledge of the 
present day. But he was so far from considering the 
materials, which he had employed in those Bolten. 
tions of his rules, as proper to remain, at least in the 
_ same state, in the edifice of science, that, after having 
- pointed out in his great work, De Augmentis Scientia- 
rum, the road which must be pursued, and the caution 
which would be necessary, in our endeavours to obtain 
true materials, he makes the following remark in the 
last-chapter, lest the task should be supposed an easy 
one: ‘I recollect the saying of Themistocles; who 
“‘ when he heard the deputy of an insignificant town 
“declaiming in a very pompous style, ‘ Friend,’ 
“cried he, ‘ this discourse of thine requires a city.’ 
* It may certainly, I.am aware, bein like manner 
 objécted to me, that my discourses require an age;: 
“an entire age, perhaps, even for their trial, but 
“‘ many ages for their accomplishment *.” 


20. Yethe was so far from considering the magni- 
tude of the object which he had traced out, as a rea- © 
son-for despondency, or as an impediment -to final. 
success, that from.this very circumstance, on the con- 

Sea x y : ie an ae wi 3 2 
- * Interim in mentem mihi venit responsum illud Themistoclis, 
qui, cum ex oppido parvu legatus quidam magna nonnullé 
perorasset, hominem perstrinxit; Amice, verba tua civitatem 
desiderant.. Certé objici, mihi rectissime posse existimo, quod, 
verba mea seculum desiderent: seculum forte’ integrum ad pro- 
bandum ; complura autem secula.ad perficiendum. | De Dign. 
et Augm. Scient. Lib. ix. p. 254. Vol. IV. of the London Ato, © 
edition. “pit h i 
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trary, he drew incitements to confidence and hope, 
provided that vain ynetaphysical speculations were - 
abandoned, and the attention exclusively directed to 
facts, by pursuing the paths indicated by the pheno- 
mena themselves. He more particularly observes 
‘upon this subject, in the 112th Aphor. of the Nooum 
Oreanuwn, “ Let no man be alarmed at the multi- 
* Hide of the objects presented to his attention, for 
“it is this, on the contrary, which ought rather to 
“awaken ope 350) Oe, If there were any one 
“amongst us, who, when interrogated respecting 
“the objects of nature, was always prepared to 
“answer by facts, the discovery of causes, and the 
se foundation oF all sciences, would be the work of 
“ few years. 


21. From Mr. Playfaix’s adoption of this idea, I 
am convinced that he has fully understood the great 
services rendered by Bacon to natural science; and 
he applies it to geology, when, in answer to those 
who consider it as a science beyond the reach of 
human capacity, in consequence of the multitude of 
objects which it should embrace, he observes, that 
“the same causes, which, in any case, render the 
“« first attempts toward a theory difficult, make the 
“final success of such attempts just so much the 
‘more probable.” But there are many conditions 


* Interim particularium multitudinem nemo reformidet, 
quin potits hoc ipsum ad spem, revocet....... Apud nos 
vero si esset presto quispiam qui de facto nature ad interrogata 
responderct, paucorum aunorum esset Inventio causarum et 
scientiarum omnium. Nov. Org. Aphor. cxu1. Vol, IV. p. 297. 
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attached to this success; genius alone is not suffi- 
cient ; and to ensure it, philosophers, as Bacon ob- 
served, must enable themselves to solve every ques- 
tion by jacts. Now the more these questions are 
subdivided into branches, which, however remote 
from each other, still proceed from the same stem, 
the more numerous must be the classes of facts which 
it is necessary to embrace ; and if, in particular spots, 
the phenomena are complex, by reason of their in- 
termixture, our researches must be extended to 
others, where we may observe them either in their — 
more simple state, or in different combinations, and 
this may serve to determine their essential. charac- 
ters ; a condition, which will oblige us to. seek for the 
same phenomena in many different countries, and to 
fix also our attention on those which other observers 
may have pointed out. Lastly, although, generally 
speaking, it is true, that, in all sciences of facts, 
theories, even false or imperfect in their principles, 
may promote their advancement, by leading to new 
researches, yet such is the character which geology 
has attained, by reason of its great importance to 
men, whose peace may be disturbed by false deci- 
sions, that every true friend of mankind ought to 
make the greatest exertions, to avoid every error on 
sO important a subject. I have felt the necessity of 
that caution in following this career ; and when facts 
have been opposed to my opinions, I have never 
failed to suspend my j judgment, until T have verified 
them. This will be scen in the course of my travels, | 
and particularly with regard to the facts Grote by . 
ay: Playfair. 
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99. Dr, Hutton’s Theory of the Earth, so much 
admired by his friend, is little known upon the con- 
tinent ; I shall therefore proceed to exhibit its out- 
lines. I could not make choice of one, that would 
furnish scope for more essential discussions in geo- 
logy ; ; and discussions, on controverted points, afford 
the most efficacious means of fixing the attention 
upon the objects themselves. I have already re 


marked that this theory, though distinguished from 


_ every other by its own fundamental hypotheses, 1s 


— 


how ever connected with hypotheses common to most 
of the theories which I have formerly opposed ; but 
they are reproduced under different forms, and main- 
tained with such method, with such an appearance 
of advancing only on the support of facts, that nothing 
can render more evident the necessity of determining 
these last with precision, than the discussions te 
which I shall be led. I shall therefore begin by 


stating the theory. 


23. We haye already seen Mr, Playfair expressing 
a wish, that, in order to prevent all fluctuation in 
geology, it should be laid down as an invariable rule, 
“. that a theory of the earth ought to have no other 
“‘ aim than to discover the laws that regulate the 
“ changes on the surface, or in the interior of the 

* globe.” With regard to the general object, as 
ri as to several parts of the theory, Dr. Hutton, 
and with him Mr. Playfair, frequently ground them- 
selves upon final causes : the establishment of causes, 
productive of the “ changes’ which constitute the fol- 


_ Jowing theory, appears to them to manifest the most 


admirable 
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93 
admirable ends, which ends, in their turn, serve to 
prove the reality of those ‘‘ changes.” 


94. According to that theory, our globe is so con- 
stituted, that, while existing continents are destroyed 
by the action of air, of gravity, and of running waters, 
their materials, propelled by the latter to the coasts, 
are scattered, by the different actions of the sea, over 
the whole of its bed. A considerable internal heat 
indurates these materials, from whence result mines 
ral strata, similar to those of which the mass of our 
continents is composed. When the existing conti+ 
nents have been destroyed by degradation, the same 
heat, which has consolidated the new strata at the 
bottom of the sea, forces them up; the sea is thus 
driven upon the abraded continents, and new conti- . 
nents are produced, exposed, in like manner, to the 
action of the air, of gravity, and of running waters ; 
and their materials, by a repetition of the former 
process, are in their turn spread over the bottom of 
the ocean, where heat prepares new strata, which are 
themselves in due time lifted up, to form new con- 
tinents. 


25. Such are the hypotheses which characterise 
the Huttonian theory ; these are the “laws,” which it 
assigns as regulating the “ changes” above-mentioned, 
and to the investigation of which Mr. Playfair would 
confine all future researches, without considering any 
origin. Itis supposed that this alternate process of 
the destruction of continents, and of the formation 
of others with their materials, has been already many 

times 
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times repeated. | Each process may require millions 
of years; for the time which has elapsed since the 
birth of our continents is to be reckoned on such @ 
scale; Dr. Hutton allows it; but this is no objec- 
tion. with him, since the past’has no limits. He has 
not even attempted to give an idea of the number of | 
times that this change has been effected; he found, 
no doubt, the task too difficult; but he and Mr. 
Playfair conceive it impossible to go back to a pri- 
mitive state of the earth, in which nothing that is 


observed as the effect of ae rysical causes had yet been 
operated. _ | 


©6. In order to induce his readers to admit, with- 
out reluctance, these strange hypotheses, Mr. Play- 
fair, to whom they are familiar, presents them under 
an aspect, which he acknowledges to be at first un- 
favourable. ‘ Yet,” (he says, § 133,) “with all 
_these circumstances of originality, grandeur, and 
simplicity, in its favour, with the addition of evi- 
‘ dence as demonstrative as the nature of the subject 
will admit, this theory has probably many obsta- 
cles to overcome, before it meet the general appro- 
bation. The greatness-of the objects, which it 
sets before us, alarms the imagination ; the powers, 
which it supposes to be lodged in the subterra. 
neous regions; a heat, which has subdued the 
most refractory rocks, and has melted beds of 
marble and quartz; an expansive force, which has 
folded up or broken the strata, and raised whole 
continents from the bottom of the séa;. these are 
things, with which, however certainly they may be 

* proved, the mind cannot soon be familiarized.” 
26. (a) 
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26. (a..) Those who haye not made geology their 
particular study, when they see Mr. Playfair insist- 
‘ing so positively upon demonstrative evidence in 
this theory, may be: fearful of incurring the imputa- 
tion of weakness, -if they do not endeavour to “ fami- 
“ liarize” themselves with the “greatness” of the ob- 
jects which it presents: should they not, however, suc- 
ceed in comprehending the force of this “ evidence,” 
they will either mistrust their own judgment, or con- 
ceive it at least to be sufficiently proved, that, in geo- 
logical researches, we must content ourselves with 
secking-for the “laws” of certain “ changes,” without 
attempting to ascend to any origin; an endeavour, 
which Mr, Playfair, evidently mistaking its object, 
terms “ the folly of attempting to explain the fa sé 
* origin of things.” 


97. Such is the this which I propose to have in 
view; and although some readers, not surprised at 
what Mr. Playfair himself says, that little attention 
has been paid to that theory, may at first be of opi- 
nion that I might have chosen a more useful text, 
they will, I trust, be soon convinced that there exists 
probably no other system, which could have given 
rise to so many precise questions, important to geo- 
logy. ‘That theory, however, has been attacked on 
many sides, and I have opposed it myself in my 
letters to Dr. Hutton. Mr. Playfair had these at- 
tacks before him, though he has but seldom men- 
tioned them; making it his principal object to pre- 
sent his friend’s theory under such aspects, as would, 
best g guard it against them, and to adduce new proofs 
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in its support. This mode of defence will lead to 
many interesting discussions, the subjects of which 
d shall here sketch, as affording. a general view of the 
SeV iam parts of — science. 

28. One of the greatest objects of this science, that 
which has required the most profound researches in 
évery branch of natural philosophy, is the origin of 
the mineral strata, of which the whole mass of our 
continents is composed. There have been many 
hypotheses upon this subject, but, having originated. 
in the infancy of science, they have been successively 
abandoned ; and, with the exception of that which 
J am going to examine, the theory, which has been 
adopted by the most celebrated geologists, is, that 
those substances have been successively separated 
from a liquid by chemical precipitations. Dr. Hutton 
and Mr. Playfair think that they can demonstrate 
the impossibility of such an origin ; and thus a wide 
field is opened to discussion, by the different objects 
pn it embraces, all of importance in geology : these 
I shall now proceed to trace out. 


29. In order to rest his own hypothesis respecting 
the origin of our mineral strata upon some facts, 
Dr. Hutton has undertaken to prove that our conti- 
nents have already undergone a very great diminu- 
tion, owing to the action of external causes upon them, 
and that the materials, which they have lost, have 
been scattered over the .bed of the sea. His proofs, 
supported by Mr. Playfair, consist in supposing, 
with many other geologists, that the vallies among 
mountairs, 


mountains, and the dales between hills, are cavities 
produced by running waters, which have even much 
diminished the height of these eminences ; and that 
the sea itself contributes to destroy the continents 
by attacking their shores. It is high time that this 
great geological question, which equally belongs to 
all the theories of the earth, should at length be de-- 
cided, since every thing that relates to it is immedi- 
ately exposed to view ; "and I shall make it appear, 
from actual observation, that, on the contrary, the 
cavities of calles and dales, and the abrupt cliffs of 
our coasts, are original characteristics of our conti- 
nents, and that the action of external causes, so far 
from having produced these characters, has in fact a 
direct tendency to efface them. 


30, But a complete degradation of our continents, 
by which, in Dr. Hutton’s opinion, they would at 
length be worn down to the level of the sea, could by 
no means answer the purpose of his theory: the dif- 
fusion of their materials over the whole of its bed 
would also be necessary, as he and Mr. Playfair, in 
common with other geologists, actually suppose it. 
Here then is a second object of great importance to 
seology, the decision of which likewise depends on 
facts; and from them I will shew that the sediments 
deposited by rivers at their mouths, and the materials 
detached by the action of the sea from those shores, 
which were originally steep, and against which it 
beats, are all accumulated along the coasts, 
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31, on third question, ‘connected hath ‘the same 
subiect, is the following : “granting the possibility of 
our continents being entirely destroyed, and their. 
materials scattered over the whole bed of the séa, 
would the final result of such a process be in any de- 
zree analogous to our mineral strata? T his question; 
although Dr. Hutton’s theory gives rise to it, regards. 
likewise other theories, and is connected eitht the 
important object of the strata, which compose the 
whole observable mass of our continents: we are 
hence led to define them; and, by a comparative 
examination of their nature with that of the detritus 
of our continents, I shall prove that it is impossible 
to attribute such an origin to those strata. 

Lastly, nepal strata of hick! a great part of the 
mass of our continents consists are stony, a fourth 
question arises, viz. how could such consolidated 
strata have been produced from the materials of other’ 
- continents, those materials having consisted only of 
pulverised matter and gravel ? This question again is 
not foreign from bene theories of the earth. 


31. Ca.) It would be tedious to. specify, under. 
each head, the various theories to which it relates 5 
and it is sufficient to fix these peints in geology itself, 
in order to set aside those systems which contain 
errors respecting them. And here the Huttonian: 
theory has an advantage over the others, inasmuch as 
it. contains a eanse of the consolidation of those joose | 
and incoherent materials.. Dr.. Hutton especially: 

| vee maintains 
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maintains that solid strata cannot be explained by 
any chemical cause; and that indeed there can be . 
no other than that which he assigns, viz. the fusion 
of the materials by am excessive heat, acting at the 
bottom of the sea, and belonging to the original con- 
stitution of the globe. Now, on the contrary, I shall 
prove that our strata have not been consolidated by 
the heat of fusion; that no difficulty exists on this 
subject in the theory of chemical precipitation ; and 
that his objections proceed only from his not having 
considered this theory under its true point of view. 


32. After these questions, which relate only to the 
origin of our mineral strata, the next, no less im- 
portant in geology, is, how has it happened that these 

strata, which have evidently been produced at th 
bottom of the sea, are at present above its level? In 
the infancy of geology, various hypotheses were 
formed respecting the production of our continents 
by the action of slow causes; but when I examined 
these hypotheses in my first geological work, I 
proved specifically of each of them, and generally of 
every other which might be formed with the same 

view, that they could proceed only from erroneous 

- observations. These hypotheses have fallen to the 
ground, and all well-informed and attentive geologists . 
concur in the general idea, that the birth of our 
continents has been the effect of some great revolu- 
tion upon our globe. 


33. The circumstance, which has more _particu- 
larly led to the adoption of this idea, is the ruinous 
appearance 
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appearance observed in the whole mass of our mine- 
ral strata; a circumstance daily more and more ma-. 
nifested, by the fractures discovered throughout the 
whole thickness of this mass, ‘by the changes in the. 
relative level of their parts, which, however, ‘must 
have been originally continuous, and by the angular 
movements evidently undergone by those strata; 
which, having certainly been: produced in a hori- 
zontal situation, are yet considerably inclined in 
every direction, and even vertical in many masses 
constituting mountains: “There no longer exists any 
doubt respecting these great symptoms of convulsions 
in the.terraqueous globe; a point which naturally — 

connects itself with the idea thatthe birtli of our con- — 
tinents is to be assigned to sofie great convulsion, 
of that nature. 


34, This, I repeat, is a point on which the most — 
eminent geologists agree; but they are divided with, 
respect to the connexion between the catastrophes, 
of the strata, and the birth of our continents. And i 
here we have the following dilemma: since these 
strata have indisputably been formed at the bot- 
tom of the sea, but yet are at present above its : , 
level, either their ‘mass has been raised, or the level — 
of the sea has sunk: Many ¢ geologists, and among 
others Dr. Hutton, hatte adopted | the opinion that thio ' 
continents have been raised, and that it ‘was during 
this process that our strata underwent. the catas- 
trophes, so strongly impressed throughout their mass:. 
while the other proposition of the dilemma, namely, 
that the level of the sea has sunk, constitutes a part 
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of my system, with this essential circumstance, that 
the catastrophes indicated by our strata successively 
happened, while they yet formed the bed of the sea. 
There, then, and before their birth, our continents 
acquired the form of their present surface ; and the 
event of their birth was produced by the subsiding 
of other continents, in consequence of which the sea, 
‘abandoning its original bed, was transported to @ 
different part of the globe ; these different catas- 
trophes being, however, effects of the same cause. 
This is one of the greatest objects of geology ; and 
the theory of elevation, which I shall have to exa- 
mine, will give rise to various important questions, 
both of natural philosophy, and of natural history. 


35. There remains another question, which is of 
the greater importance in geology, as all others are 
connected with it, on account of the time which the 
supposed operations would require. What is the 
antiquity of our continents? In most of the theories 
of the earth, an incalculable antiquity has been ne- 
cessarily assigned to our continents, to account for 
those supposed operations ; and this is more especi- 
ally requisite in the hypothesis that running waters 
have excavated the vallies among mountains, and the 
dales between the hills; an opinion which Dr, Hut- 
ton and Mr. Playfair nee by all the means in their 
power. Ishall therefore resume the subject of the 
antiquity of our continents, on which I had alread: 
dwelt at large in my first geological work; and J shall 
again prove, by the very operations of running waters, 
that our continents are not of great antiquity. = 
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36. The above stated questions, which have arisen 
in geology, are sufficient to give a general idea of 
the objects of this science, and of its extent; and it 
“May likewise be seen, that the decision of these 
questions must, in a gréat measure, depend upon 
facts ; which condition implies a precise determina- 
tion of geological phenomena; to which attention. 
can in no way be better excited, than by those ques- 
tions themselves. Geological travels, no doubt, 
contain the descriptions of these phenomena, but all 
intermingled with each other ; since the observations 
made in passing from place to place present objects 
of different, kinds, and cannot be sufficiently impressed 
upon the mind, unless distinct heads are assigned, 
under which those of every separate class may 
respectively arrange themselves ; and in order to 
effect this, the precise questions must be stated, 
which it is the purpose of those observations to 
resolve. . | 


37. Most of the geological phenomena have at all 
times been open to general inspection ; how then has 
it happened that men were so long without directing» 
towards them a curious and attentive eye? because 
they had not yet conceived that the objects which 
they beheld must have before been very. different. 
‘The first inhabitants of the earth, observing that in 
certain parts its surface was intersected with vallies 
and dales, while in others it was levelled into plains, 
contented themselves with distinguishing these dif- 
ferent sorts of grounds by respective names, and 
‘studied them for the agile purpose of utility, without 
adverting 
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adverting to any state in which they might antece- 
rained have existed, 


38. The first ae which, excited astonishment 
- In men, and by which it had already been excited in 
ancient times, was that of the marine shells found 
scattered in some countries, even at a very consi- 
derable distance from the sea. But, as traditions 
concerning a deluge had reached them, they con- 
nected, in a confused manner, the two ideas. Hence 
Ovid introduces Pythagoras as saying, | 


»—— “ Vidi factas ex equote terras, 
_ © Et procul a pelago conche jacuére marine,” 


No. researches, however, as to the nature or the 
causes of this change, were the result of that remark, 
because observation was not sufficiently advanced to 
_ suggest the necessity of pursuing that study. Time 
alone could, by accidental circumstances, bring na- 
tural history and natural philosophy to a point, at 
which they were capable of becoming ‘sciences sus- 
ceptible of gradual improvement by application ; 
and much time elapsed before any rules were esta- 
blished to direct this application. Now, during the 
whole of that interval, imagination created systems 
upon systems, while, however, the collection of facts 
was daily increasing. Bacon at length appeared, 
whose profound genius enabled him to unravel that 
confused mass of-casual observations, which was ill 
calculated to lead to inquiries, because the whole was 
imperfect, and devoid of any real connection. It 

| D | _ was 
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- was he who pointed out the road which must be pur- 
sued, in order to, trace back phenomena to their 
causes, and who, among other paths which he opened | 
as leading to determinate objects, sketched a’ first 
plan of observations, which might give birth to geo- 
logy. But men were too’ precipitate: before the 
observation of the actual state of the earth could lead 
with certainty to the. knowledge of its past states, 
and manifest their causes, it was necessary that the 
study of the earth should ..have produced many new 
discoveries. Instead of which, some naturalists, 
elated by the beginning of this happy change, fancied 
that they heard on every side the voice of nature. 
Thus geological monuments, which had been mute 
before, were converted into oracles ; and it was ima- 
gined that every thing was to be learnt from the 
first which seemed to speak. Hence the many sys+ 
tems that arose; each observer creating his own 
conformably to the object by which he had been — 
struck. However geological views were thus formed, 
amidst objects, which before had been thought to 
possess no interest, except for the architect, who 
sought the stony strata best adapted to the purposes 
of building ; the agriculturist, who looked for beds 
composed vif fiilinits substances ; the miner, wlio 
endeavoured to trace metallic veins ; the landscape- 
painter, or the poet, who adorned their representa~ 
tions with rocks, cascades, and torrents, to norte a 
contrast with more peaceful scenes. 
39. Mr. Playfutti therefore, had reason to say 
that theories of the earth, however erroneous and 
discordant 
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discordant they formerly were, may nevertheless be 
considered as first steps in geology, on account of 
the phenomena collected by their authors, and of the 
views which they have opened ; but the systems them- 
selves ought not to have obtained confidence, before 
attention had been paid to the importance of the 
object, arising from the moral danger of the errors 
into which men might fall by too much precipitation. 
It is thus, however, that geology, gradually accumu- 
lating materials m all its branches, of which many had 
not at first been considered as necessary, is become.a 
solid science. But these materials are as yet dis- 
persed in various kinds of fabrics, where their bonds 
of union being arbitrary, they give to the science that. 
vague appearance, which deters from the pursuit 
those who seek solidity in knowledge, while to others 
it presents a mere field of conjectures, in which they 
make no ‘vase of placing their own. 


40. This state of things is can to be attributed to 
inattention ; for the field of geology is at this day 
much better known than it is generally supposed to 
be: there are true roads very accurately traced in it, 
which enable us to fix and characterise unalterable 
parts, sufficient for its main purpose, and point out 
openings to other paths, leading to objects which yet 
remain to be discovered. 


41.. Mr. Playfair has likewise justly observed, that 
one of the causes which have produced much confu- 
sion in geology, is evidently that too much has been 
attempted. But, in reducing its limits to the stand- 
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ard of the theory which he has adopted, he has in- 
creased, instead of dissipating, this confusion; be- 
cause he has excluded the lights resulting from cer- 
tain well-determined origins. The only means of 
putting.an end to the conflict of systems was to re- 
turn to the phenomena themselves, in order to study 
them with redoubled attention ; seeking first those, 
which might lead to immediate consequences with 
respect to their causes. It was thus only that the 
complication, so perplexing in these phenomena, 
could be unravelled ; for by separately considering 
those proceéding from known causes, the parts, of - 
which the causes were yet undiscovered, would ap- 
pear-divested of all accessory combinations. 


49, My brother and I entered together upon our 
geological career, while I yet lived at Geneva; and 
after a certain period we came to a first conclusion, 
which, from that time, was our guide, and which [ 
still consider as the true introduction ito the field. of - 
geology. We saw that an essential distinction was. 
to be made among the various phenomena which the 
surface of the earth exhibits, with respect to their 
causes; determining of each of them, whether the 
causes which have produced it are still in action, or 
have, at some epoch, ceased to act. If this diseri- 
mination be possible, it evidently becomes a first, 
guide in the research of causes, which will prevent 
many errors. . Now, when we had. fully convinced 
ourselves that this distinction was pointed out by the 
phenomena themselves, we clearly saw, on studying 
the theories of the earth then known, that the prin- 
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cipal source: of the errors, which:had been detected 
in them by subsequent observation, was the confound- 
ing of the periods in which certain effects had been 
produced. For, by attributing to causes which were 
seen in action, such effects as they were incapable of 
ever producing, an impenetrable veil was thrown over 
past causes; since these’ can be discovered only by 
their real ar more surely to be ascertained when 
separated from those produced by causes, which are 
‘still operating, and producing such effects, as may be 
discerned to belong to them. | 


43. Continuing our observations with this object 
in view, we came at length to a conviction that the 
production of the mass of our continents, in regard 
both to their composition and general form, as well 
as their existence above the level of the sea, should 
-be ascribed to causes no longer in action on our 
globe; and that the whole of the effects of actual 
causes had been limited to the modification of this 
original state. Insomuch that the first study requi- 
site to the investigation of the past history of the 
earth, was that of the action of actual causes ; that 
thus, by their being every where determined, our 
continents might be traced back to their original 
state. 


44. After having quitted Geneva, I continued my 
observations in various countries, and more particu- 
larly on the coasts ; my brother likewise pursued his ; 
and we communicated our remarks to. each other. 
Iwas more and more convinced, not only of the 
possibility 
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‘possibility of determining, by the action of actual 
- causes, what had been the state of ovr continents at 
their birth, but even of the possibility of likewise 
determining the time elapsed since that period! ‘To 
these objects I directed my researches, which enabled 
me more clearly to perceive the errors of all the 
geological systems formed without such sheila 
tion. ) inn 
45. With these preliminary determinations, I 
wrote my first geological work, Lettres Physiques 
et Morales sur ( Histoire dela Terre et de l Homme, 
published at the Hague in 1780. In this work, I 
determined the original state of our continents, and 
proved that they were of very small antiquity; a 
circumstance which alone overthrew a variety of 
systems, as I made it abundantly appear. But, 
when evidence can be obtained only by long and la- 
borious observations, time is also requisite to render 
it manifest. Many eminent geologists, who, as well 
as myself, had extended their observations over a 
wide field, have acquiesced in those results, and have 
even supported them by new facts; whilst others, 
prepossessed in favour of certain hypotheses, and 
confining their observations to particular spots, have 
continued to frame systems suggested by imagination 
alone. Of this I shall adduce only a single example, 
but that a recent one, which will evince the import- 
ance of the distinction to be made between the - 
‘causes, which have acted upon our continents since 
they have begun to exist, and those, to which are 
‘owing the principal characters possessed by them at 
‘their birth, | 
. 46. Dr. - 
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46. Dr. Scumrever, of Halle, published in 1802 
a work, entitled, dn: Ex ‘position of Geology upon 
Chemical Principles. He supposes, with Dr. Hut- 
ton, that our continents have been raised up from 
the bottom of the sea; he imagines them to have 
possessed at their birth the great chains of mountains 
only, formed by the very act of their elevation ; and 
he attributes to the causes, which from that time 
have been operating upon them, the mountains, 
which he calls secondary, where the remains of ter- 
restrial animals and vegetables are found; an 
assumption, which gives to our continents an incal- 
culable antiquity. It was easy to shew in how many 
respects this system was contradicted by phenomena 
_ observed on the surface of our globe, and this I did 
in a small work published at Brunswick in 1803, 
under the title of Abrégé de Principes et de Faits 
concernans la Cunateie et la Géologie ; in which I 
made it more ba rtienlicety to appear that those moun- 
tains, which he supposed to have been formed upon 
our continents, subsequently to their birth, by the 
materials which running waters had detached from 
the high mountains, exhibited all the marks of sub- 
marine formation ; that their strata had undergone 


the same chbsteteo phex as those of the great moun- 


tains; that the nature of the latter is such, that the 
sediments of the waters which proceed from them 
‘cannot, on the same spots, produce strata, the spe- 
cies of which frequently and abruptly change ; and 
| lastly, that the period of the birth of our continents 
is not sufficiently remote for the immense time, which 
such operations would have required. Now, while 
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Dr. Hutton carries into the sea the materials of-old 
continents, to form, the strata of new ones, we see 
Dr. Schmieder considermg the same operation as 
having been performed upon our continents them- 
selves: this shews the variety of systems which | 
may be formed on the same phenomena, when they 
are superficially observed... Dr. Schmieder answered 
me; I replied; but for the purpose only of announc- — 
ing to him the details of observations, which would 
be contained in the collection of my travels; for I - 
was already aware, (and it will form here one of the 
objects of my remarks) that. the removal, of preju- 
dice can be effected only by the details of observa- 
fions. . 


47. This example will suffice to explain. what. I 
stated above, that the first point necessary to be fixed 
in geology. is the state of our continents at. their 
birth ; it shall form therefore one of my principal 
ob} jects in the sequel of this work. .It was chiefly by 
means of such an investigation, that hopes could be 
_ entertained of ascending to the causes, which have . 
operated in time past for the pr oduction of the mass 
of our continents, as we now observe it; but this re- 
search was very difficult; and it pe for certain 
assistance, which, at the time when I published my | 
first work, had not yet been obtained ; of this I was 
well aware, and I declared it, And first, it was 
necessary to survey, with greater attention and. exact- 
ness, the stupendous masses, which form the large 
chains of mountains on our continents, such. as the 
Alps, the Pyrenees, and. others of the same class. 
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I hdd not as yet been enabled to form any opinion 
respecting the structure of this class of mountains, 
although they had frequently been the object of my 
observations; only,. indeed, for the purpose of stu- 
dying the changes which they had undergone since 
the birth of our continents, as their nature was tome 
involved in mystery ; and this I acknowledged. In 
order, however, to avoid deciding that they were 
primitive, as some mineraiogists termed them, or, in 
other words, that they had belonged to the’earth from 
its origin, I called them primordial, as having been 
evidently anterior in existence to those, in whieh or- 
-ganised. bodies are found. 


48. The publication of M. pE Saussurz’s second 
volume of his Voyages dans les Alpes, which appeared 
‘m- 1786, formed the epoch of an important step 
made in geology. It was. then that a new scene 
opened upon me, as if a veil, through which I had 
hitherto surveyed these monuments of our globe, had 
been suddenly withdrawn. For, from that time, I_ 
no longer considered the eminences called mountains, 
of any size, or of whatever substances composed, as 
masses, which had originally existed, or of which the 
-materials had been produced under that form; but 
-merely as strata of different genera and species, suc- 
_cessively formed at the bottom of a guid; an ope- 
_ration, which could be assigned only to chemical 
' precipitations. One class indeed of these strata, 
_ commencing with the granite, having been produced 
_antecedently to the existence of organised bodies 
upon our globe, might retain, not as mountains, but 
sis + (ABs. 
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as strata only, the name of primordial, which I had 
given to the mountains themselves; and. the’ term 
secondary might still be applied, not to mountains, 
but to those strata which had been produced subse- 
quently to the existence of organised bodies; but. 
with respect to the peculiar forms of mountains or 
hills, I look upon them as the effects of the catas- 
trophes, which their strata had undergone, ‘alter! the 
‘time of their original production. | : 


49. I found the justness of M. de Saussure’s re- 
marks, with respect to the very mountains. which I 
had already surveyed, and even earlier than he had 
done, but not under such favourable circumstances, 
‘and with the’ assistance since furnished by the pro- 
gress of observation. These remarks, the truth of 
which I have had every where an opportunity of 
ascertaining, have: permanently established a third 
-point in geology. I say azhird point, because the 
first which I have mentioned is the birth of our con- 
-tinents, produced by some revolution of the globe, — 
-and the second, the small distance of that epoch. 
But this third step leads us farther into past events ; 
and this is to be attributed solely to M. de Saussure. 
It has, indeed, been contested by some geologists, 
and chiefly by those who consider mountains as 
being large crystals, an idea more particularly main- 
tained by M. pr tA Meruerie. But this opinion, 
as well asthe notion of primordial mountains, could 
proceed from the want only of such a study of moun- 
tains as M. de Saussure has pursued, and can main- 
tain-its ground with those alone who have not paid 

sufficient 
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sufficient attention to his remarks. With regard to 
~ me, I was struck by them, as if a ray of light had 
broken forth from the mountains and the hills them- 
selves : in no instance have I found any exception to 
‘them ; and I am persuaded that the great geological 
fact évitoh they have see will soon ii univer- 
sally adinitted. 


50. Dr. Hutton, who was well aware of this cha- 
racteristic fact, and had bestowed merited commen- 
‘dation on M. de Saussure, has, however, controverted 
a part of this great discovery, by excluding from the 
‘number of stratified substances, those mineral pro- 
‘ductions which are rightly considered as having pre- 
ceded all the others, namely, granite, porphyry, and 
other substances, found intermixed with them, and 
‘it is this opinion which impresses him with a belief, 
that it is impossible to ascend by geological monu- 
‘ments to a primitive state of the globe. Thisisa 
preat question ; and Mr. Playfair having supported 
the hypothesis of Dr. Hutton with respect to it, the 
acknowledged talents of these geologists, together 
with the iunportant questions with which it is con- 
nected, will induce me to examine it deeply. This 
hypothesis is very different from that of M. de la 
‘Metherie, who admits at least a first discernible ope- 
ration upon our globe, which he defines to be a crys- 
tallization in mountains. But it will appear from all 
the details into which an examination of Dr. Hut- 
ton’s hypothesis will lead me, that both these theories 
are equally excluded by obvious phenomena; so 
that M. de Saussure’s discoveries, with oe to 
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the formation of our mineral strata, beginning with 
the granite, by chemical precipitations from a liquid 
which orivinally covered the globe, together with his 
explanation of the subsequent production of moun- 
tains ang hills, remain in their full force. But anti- 
cipating the subject, and referring to the proofs which 
will be hereafter adduced, I shall set out from this 
point; and continue to sketch the reine whieh are 
embraced. by sicieia hari ‘ 


51. Here then we have a first operation of physi- 
cal causes onour globe, to which we are led back by 
the investigation of geological monuments; namely, 
the production of the strata of granite, by chemical 
precipitations, from a primordial liquid. Such is 
the first discernible effect of these causes; beyond 
it, we cannot perceive any thing: all the other effects 
of which monuments remain are subsequent to this, 
and may be expressed in the following general terms. 
They consist, in the first place, of other precipitations, 
continued for a long time, of substances, differing 
successively in their genera and species, and spread 
out in strata, nearly in an horizontal and continuous 
position, at the bottom of the liquid. But these 
strata, in the intervals of the formation of their dif- 
ferent classes, and until the end of these. operations, 
underwent great catastrophes, in the course of which 
they were fractured and dislocated. These revolu- 
tions at the bottom of the liquid, produced im. the 
mass of the strata those relative differences of level, 
which constitute mountains and hills, rising above 
the vallies and the plains. Lastly, this theatre of 
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operations and revolutions, having been left dry, 
became our continents. 


52. What a different prospect was thus opened in 
geology! What hopes did it not excite of penetrating, 
_by means of such distinct monuments, into the past 
history of the earth, as far, at least, as these monu- 
ments, with the assistance of physical causes, could 
direct us! Much indeed still remained to be done 
before these hopes could be realized, but every thing 
was preparing for new advances. Geological monu- 
ments, more and more the objects of study, were 
stili undoubtedly to be our guides ; but these, with 
regard to the time which preceded the birth of our 
continents, could exhibit to us the effects of causes 
only, which, though they have not ceased to exist on 
our globe, are yet no longer in action, because cir- , 
cumstances are changed. I had made great advances 
in the determination of these past effects, by carefully 
tracing those of the causes by which they are modi- 
fied; this had determined the state of the different 
parts of our continents at their birth; and that state 
served to characterise the causes w sca had produced 
it. But, as these causes no longer act in the same 
manner, it became necessary to study them in the 
effects which they still produce, in order to discover 
their nature, and to judge what their action would 
-be under given circumstances. This was the pro- 
vince. of natural philosophy, and more particularly 
of chemistry, which is one of its most important 
branches; and fortunately, at the time that M. de 
Saussure opened so wide and important a field, 
expe- 
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experimental philosophy. was rapidly advancing’ to. 
‘discoveries, from which considerable assistance 
might be derived. 


53. To proceed farther in this sketch of the objects 
which geology embraces, must involve me in a repe- 
tition of what I have detailed in a second work upon 
this subject, published at Paris in 1798, under the 
title of Lettres sur l’ Histoire Physique de la Terre, 
addressées & M.le Professeur Blumenbach; I shall ° 
therefore here present.a summary view of what this 
work has added to the former, Lettres Pin ysiques et 
Morales sur U Histoire de la Terre et det ‘Homme. 
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54. I have already: adverted to the’ _ sittoh 
prevailed respecting mountains, and impeded the 
way to the discovery of the-causes that had acted 
upon the earth before the birth of our continents: 
I had called them - primordial, and not primitive; 
. which prevented error in one point, but did not re-. 
move it in its essential part. Nothing on the globe 
can, according to my former remark, be considered 
as having been originally produced under the form of 
mountains: for the substances, which compose the 
mass of these eminences, had been first disposed in 
horizontal and continuous strata; and the form of 
mountains, in which they are found broken and dis- 
located, has been the effect ef subsequent ‘catas- 
trophes. Such is the system which I have adopted, ° 
guided by M. de Saussure, after having every where 
found the confirmation of it. My second work, 
therefore, contains an exposition of this system ; and 

the 
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the’ principal new results to which it has led me are 
the following. ' 
55. 1. When we trace’ back with attention the 
effects successively produced by the different causes, 
which must have acted upon our continents from their 
birth, and are still continumg to act, we are enabled 
to’determine what was the state of these continents 
at that moment, and we become assured that their 
existence is due to a sudden retreat of the sea. 
2.. This original state, from the aspect of the vast 
ruins which characterise it, leads to the necessity of 
admitting, that, while the mieral strata which 
throughout constitute thé.mass of our continents, 
were accumulating at thé bottom of the sea, vast 
caverns were either forming under them, or were 
already in existence, into which lar ge portions of 
their masses sunk down, while other parts, inclined 
- in different directions, remained more elevated ; such 
catastrophes must frequently have been repeated, 
To these is to be ascribed the existence of. our moun- 
tains and hills, including their vallies; the plains 
being the parts which had most considerably and 
extensively subsided ; and at the same time large 
portions of the liquid penetrated into these caverns 
through the interstices of the fractured strata. 
3. In consequence of this diminution jn the quantity 
of the liquid externally, peninsulas and. islands were 
formed in the basin of the ancient sea, which were 
supplied with vegetables and animals from other 
continents then existing. But during the continu- 
ance of the catastrophes at the bottom of the sea, 
9 | many 
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many of the peninsulas were cut into islands, ané 
many of the islands sunk under the level of the 
waters, where they were covered with different spe- 
cies of mineral strata, which, with the preceding 
masses, underwent new catastrophes. Hence the 
numerous remains of terrestrial vegetables and ani- 
mals, which are found, intermixed with marine bo- 
dies, in so many parts of our continents, in strata, or 
under strata, which, in common with all mountains, 
hills, and plains, bear the marks of convulsions fre- 
quently repeated. 4. A great number of these 
islands were still subsisting at the birth of our conti- 
nents ; so that, by the retreat of the sea, they became 
the summits. of our mountains, and chiefly supplied — 
our continents with terrestrial vegetables and animals. — 
5. The retreat of the sea, by which our continents, 
were formed of that part of the globe which had ori- 
ginally been its bed, was effected by the sinking of 
those continents, whence were derived the vegetables 
and animals, with which the peninsulas and islands 
had been stocked. It was then that the sea, flowing 
over those sunk continents, left our own dry. 6. 
Since the period of that revolution, the level of the 
sea has not been changed. 7. Lastly, not many 
ages have elapsed, since that great terrestrial event 
took place. 


56. Such are the immediate consequences of an 
attentive study of geological monuments ; nothing in 
them is left to conjecture ; every thing rests on phe- 
nomena every where observable, which will become 
the object of this work, and w u form its only founda- 

| tion. 
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“tion. But nothing which has yet been said concerns 
‘those ‘past causes, which were in action before the 
birth of our continents : these also [L have developed 
in my second work; and I shall sketch the path 
‘which I pursued in this investigation, tracing the 
series of events under another point of view. 


57. The strata of granite, evidently produced by 
‘chemical precipitation from a liquid, form, as I have 
said, the most ancient monument of the action of 
physical cauces on our globe; we cannot, I mean, oe 
the aid of any monuments, ascend -to any more remote: 
effect. To the first precipitations of this ates 
others succeeded, of different kinds ; and while the 
“strata were accumulating, they underwent the great 
‘catastrophes already mentioned, that gave birth to 
islands, some of which afterwards sunk. I have not 
as yet mentioned a circumstance, which does not 
enter into my immediate plan, but of which I have 
treated in my second geological work, namely, the 
birth of prior continents in the course of those revo- 
lutions, whence were derived the vegetables and: ani- 
mals found buried in our own. I have here in view 
_pnly a series of events, commencing with the produc- 
‘tion of granite, succeeded by that of a great number . 
of other species of mineral strata ; a series intermixed 
with great catastrophes, the last of which consisted 
‘in the sinking of the first continents, and the birth of 
our own. 


58. Then commenced another part of the same. 
series of effects, all connected one with the other. 
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Our continents, being once left dry, began,toundergo 
the action of atmospherical causes, the effects .of 
which were, much, increased by the ruinous state of 
their. external parts. T hese effects were in general— 
the cr umbling down,of abr upt, surfaces, of which the 
materials abonnaitaed under them in the. form. of 
slopes ;-—the softening of rapid declivities by the rain» 
waters, which, in flow ing down their sides, carried — 
along with them the lope and incoherent materials, 
-till they were bound together by the roots of plants, 
as vegetation spread. over them ;—the filling up, of 
cavities, and the raising and levelling of the bottoms | 
of vallies, by the materials which hep waters. pro- _ 
pelled in their rapid course, and deposited in the 
parts where their current slackened ; ar lig, levelling ; 
and straitening of the. channels of these streams in 
the vallies and plains ;—lastly, the action of the sea 
upon. the coasts, where, it attacked the steep parts 
that opposed resistance to. its: waves,. the. force. of | 
‘which hada tendency to. weal, away capes, fill up 
creeks and. bays, and reduce cliffs to gentle declivi- 
ties. Such are, I repeat, m a gener al point of view, — 
the eflects produced by. the action, of atmospher ical 
“causes. upon, our, continents, operations which co 
menced. from their birth. I have shewn that all vice | 
effects tend, by their very nature, to special ends, 
the completion of which, in respect to each, I haye 
pointed out, ina var iety of places, There are many — 
_ spots, however, where these effects are not yet. ter~ 
minated, although it evidently appears in what mane 
ner they wall hee 
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.. 69. If this brief sketch of the physical operations 

which are observable on our globe be in reality traced 
out: by their monuments; as I propose to prove from 

the monuments themselves, it will hence inevitably 

follow, that, all the perceptible’ effects -of physical 
causes upon the earth must have commenced at a 
certain period, indicating the accession of some new 
causes For, smee the most remote effect of which 
any monument remains, namely, the production of 
the strata of granite, has been followed by an‘unin- 
terrupted series of other effeets, which, though tending 
towards an end, is not yet terminated, a. certain ‘pe- 
riod in the history of the earth is eslhiien thy pointed 
out to us, at which a cause, before wanting, began to 
exist, of which the production of granite was the first 
operation ; and the imyestigation of this cause thus 
becomes an important object to the physical geolo- 
_gist, since. it clearly ee to the ena si 
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“60. it was chicky after dvi attained ‘this maine 
in its pregréss, that geology stood in need of the aid 
. of chemistry ;' but it did not at first receive'that aid ; 

and some geologists, when considering this object, of 
the first operations which took place on our globe, 
prematurely decided on the possibility or impossibi- 
lity of deriving any assistance from that science, in 
the elucidation of effects so remote from our times. 
It is thus, for instance, that Dr. Schmieder, whom 
I have alzeady mentioned, has thought chemistry 
able to furnish even specific explanations of these 
parabens 5 andi it was on the contrary, with as little 
EQ reason, 
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reason, maintained by Dr. Hutton, that no assistance 
could be expected from this science. It is doubtles¢ 
very evident that no specific affinity can be assigned, 

_ as has been attempted by Dr. Schmieder, to a period, 
when all the ingredients, now variously dispersed in 
our mineral strata, in the atmosphere, and in the sea, 
were combined together in the mass, which, in pro- 
cess of time, came to be thus decomposed ; for most 
of the mineral substances, from which we derive our 
chemical conclusions, are compounds, which indeed 
we are able to decompose to a certain degree, but 
which hitherto we want means to recompose. This 
evinces the little depth of our analyses, and proves 
that we are not acquainted with all their products. 
But if the details of specific affinities, as yet furnished — 
by chemistry, can afford.us no assistance, while we 
attempt to particularise the first operations which 
took place on our glabe, this is by no means the case 
with the general laws which have been determined in 
that science; for they lead us to generic operations, 
whence much light is thrown upon these beginnings. 
This is an important:subject, of which I have intro- 
duced only the principal heads in my Letters to Pro- 
fessor Blumenbach, referr ‘ing, as I must do here, to 
the work which I have. since published at Parts, 
under the title of Jtroduction a la Physique Tere 
restre: par les Fluides expansibles, the purport of 
which only I shall icin here. | | 


61. I shall set out. with the proposition, that _ all 
our mineral substances, beginning with granite, are 
-chemical precipitations from a liquid, which originally 
oy covered 
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covered the whole surface of the-globe; a principle 
- which I have adopted in common with the most emi- 
nent geologists ; and I shall have an opportunity of 
farther supporting it, when I shall discuss the objec- 
tions of Dr. Hutton. Now when a liquid contains 
ingredients capable of union by their affinities, and 
of subsequent separation from it by precipitation, 
such union and such separation must immediately 
take place; for, as soon as causes exist, effects are 
| produced. The following, then, is the first question 
which presents itself—Why, at the period to which 
we have ascended by means of geological monu- 
ments, had not the ingredients of granite already 
been precipitated? And here we are reminded of a 
general law, long established in chemistry, viz. that 
no chemical combination in a continuous mass can 
take place without liquidity, to permit the ingredients 
to approximate each other, and coalesce by the sur- 
faces which have a tendency to unite. The answer, 

therefore, to this first question undoubtedly is, that, 

at the time when granite had not been yet precipitated, 
the mass, containing its ingredients, was nat liquid. 
Thus the change which then took place in this mass 

consisted in its acquisition of /igudity. 


62. A second question then to be resolved is the 
following :—Why was not that mass already liquid? 
‘Another general law furnishes us with the solution 
of this question. It is now established as a fact in 
chemistry, and in natural philosophy, that the liqui- 

dity of every substance is exclusively produced by a 
certain union of the calorific fluid with its molecules ; 
| an. 
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an union by which this fluid, known to former natu- 
ral philosophers under the name of fire, and among 
some of the moderns by that of caloric, loses its 
_ faculty of producing heat, while the other substance 
loses the distinctive properties of solids, and assumes 
those of liquids. - The following, then, is the answer 
to this second question :—-At the time when the mass, 
from which granite first separated itself, was not 
liquid, it did not possess the Sire, which site in 

liquidity. ~ 
63. I shall dwell for a moment upon this point, 
on account of the misconception of it by M. dela 
Métherie, who had not examined in my works the 
propositions which lead ta it. He has given (p. 381, 
of the third volume of his Theory of the Earth) of 
the whole of my system, ‘a rapid sketch, which it was 
easy to render susceptible of his objections ; but I 
shall content myself with copying that part, whicli 
relates to the present subject. The following are the 
terms in-which he professes to set forth my opinion: 
** The earth was congealed..... the sun becomes 
‘< luminous ; its light, darting upon the surface of 
“ the earth, heats and thaws it. The waters, pro: 
* duced by the melting of the zce, penetrate into the © 
** interior parts of the earth, which he conceives to 
© have been a mass of humid dust congealed. The 
“* heat of the solar rays increasing on the surface of 
** the globe, the dissolution of the ice becomes more 
“ considerable... . the waters dissolve the earths, 
“and other congealed substances . . lastly, when 
4. this dissolution extends to the depth of several 
“ leagues 
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$® Jeagués below the strfitce, the substances, dissolved 
« by thé waters, crystallize, are deposited by preci- 
_ © pitation, and the external crust of the globe be- 
“ comes solid. «ha is the origin of the prithitive 
eetamtls Yi. I consider M. de Ja Métherie 
as’ having shewn me great indulgence in not pro- 
nouncing such a system to be altogether absurd 5. but 
his attention has not been equal to his indulgence, 
for the system of which he gives this exposition bears 
rio resemblance to mine. But [ shall not stop to 
prove a dissimilitudé, which may be seen in his own 
. Journal de Physique, and especially in my Le¢éers 
to Professor Blumenbach. One point only I shall 
, explain, which will effectually remove this idea of 
ice and congealed substances, so materially differing 
from that which forms a part of my system. 


- 64. There exists on our globe a very important 
- substance, which should have a name appropriate to 
its intriisic nature. I had proposed terming it 
humor ; but that neologism was not adopted, because 
its utility had not attracted general attention. 1t is 
dnly sitice the period of the first operations which 
took’ place’ on our globe, that this substance has ap- 
peared as deparated from the mass: and it is now to 
be obsérved under three distinct forms. It #8 water, 
when united to the fire of liquefaction; it is ‘ve, when, 
after having been liquid, it crystallizes in conse- 
quence Of being deprived of that fire; it is agzeous 
vapour, when its molecules have been detached from. 
the ifass,’ whether water of ice, by the impulse of the 
inte of fire, which then remain united to them. 
65. Such 
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65. Such is the substance which I have called 
humor, and to which a distinctive appellation should: 
certainly be assigned. It is not water, for in water. 
it is liquefied by a certain union with fire; it is not 
ice, for in ice it becomes crystallized, after having: 
passed through the liquid state; lastly, it is not. 
aqueous vapour, for in that state it has acquired 
expansibility, by another species of union with fire, 
Many chemists still conceive this substance to be a 
compound ; and I considered it .so myself, at the 
time when some well-known experiments gave rise. to. 
that opinion. But philosophers were too hasty in. 
fixing by nomenclatures a point so important in ter. 
restrial physics ; for numerous facts, and particularly. 
atmospherical phenomena, have restored to this sub- 
stance its elementary nature. We no longer perceive: 
it in Its original state ; it has formed, by its combina- 
tions, a great part of the mass_ of discernible sub- 
stances upon our globe; it continues, by its affinities, — 
to distribute itself, in most of the products which we 
extract from them by our analyses ; and the most 
simple mode of its existence is under the three forms: 
which I have designated above. But in its primitive 
state, when nothing of what we now observe upon the 
earth was produced, nor as yet disposed to be pro- 
duced, this substance was neither water, nor ice, nor 
aqueous vapour ; its elementary particles were inter- — 
mixed with all those, to which they are at present 
united by affinity, in the different bodies with which 
we-are acquainted ; and those particles, then acquir- 
ing liquidity by their union with fire, and thus imme+ 
diately entering into all the associations, to which its 

numerous 
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numerous affinities gave birth among elementary sub- 
stances, produced the primordial liquid. | From this 
liquid, our mineral strata, and the atmosphere, were 
successively separated, by other elements, which 
arose fiom the interior parts of the globe, leaving for 
residuum the waters of the present sea. This is 
what I have developed in my Letters to Professor 
Blumenbach. 


66. But a third question’ thence arises: Whence 
proceeded the fire, which produced liquidity in that 
first congeries of elements, forming, to a consider- 
able thickness, the external mass of the earth, from 
which has proceeded every thing we see, and beyond 
which we can penetrate only by means of inferences 
- drawn from perceptible phenomena? And here we 
are still assisted by natural philosophy. All the 
experiments and observations relative to fire have 
led us to conclude, that this fluid, subtle as it is, is 
not a simple substance; that it is composed of 
light, and of another substance belonging to the 
atmosphere, and to terrestrial bodies; and that the 
solar rays, in uniting themselves with this latter sub- 
stance, produce heat upon our globe, but only by the 
formation of fire. This substance, therefore, might 
be intermixed with all the other elements which 
formed the primitive mass of the earth, without pro- 
ducing heat, or, consequently, liquidity ; for it was 
not fire itself, it was only one of its ingredients, 
which, without the addition of light, could not: cons, 
stitute fire. The solution then of this third question 
is, that, before the epoch when the mass of elements, 

whence 
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whence has been produced all that we observe upon 
our globe, began its operations, Leht, that essential 
element, was wanting to it, for the production of fire,. 
and, by its means, of liquidity. 


66. (a..) Tam thus arrived at the fixed périod, at 
which commenced the production of the strata of 
granite, that most ancient monument of the action ‘of 
physical causes on our globe, and the first of the 
effects in the series which I have traced, extending 
to our times, but not yet terminated. In my inquiry 
into the causes which had prevented theirbeginning, | 
I have proceeded, and could proceed only by the 
help of general laws, resulting from every branch’ of 
natural philosophy, and par tieularly from chemistr y: 
Here therefore I'stop, as this @uide cannot lead me 
‘any farther.’ It would now be requisite to determiné 
whence proceeded licht, that chemical meredient, 
which ‘has entered into the composition of many 
fineral substances, smce it is disengaged in ‘their 
decomposition ; and which, in the first place, was to 
produce fire, and next, by are to produce liquidity ; 
but of that light I can perceive no source. It would 
be removing the difficulty only a little farther, to 
derive it from the luminous eelestial bodies; for 
whence did they receive the light which emanates 
from them? Here then terminates the field of ‘our 
researches ; but this limit does not affect the series 
‘of inferences from facts, by which we have been led 
s6 far. It is éertain that, when none of those opec 
- Fations of physical causes, of whicli we observé' the 
monuments upon our ‘globe, had: yet ‘commienéed, 

light, 
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light, as a chemical ingredient, was wanting to its 
mass. For, if light had always existed there, it 
would have prodiiced fire, and fire, liquidity ; thence 
would have resulted all the various precipitations, the 
éatastrophes of strata, the birth of our continents, 


and the action of atmospherical causes upon them ; 


and these last effects would every where have been 
terminated, so that we should have been almost un- 
able to trace back any of the links of their series. 


67. It is thus that by analytically tracing back 
the chain of phenomena, and of their general causes, 
we aitive at the formation of the strata of granite, as 
the most ancient perceptible monument of these 
causes. In our redescent from this point, we find a 
succession of other strata, different in their genera 
and species, formed in the same liquid, and impressed 
with characters, which, independently on their super- 
position, indicate different periods of formation ; as 
more particularly appears from the remains of orga- 
nised bodies, terrestrial as well as marine, which they 
began, after a certain time, to enclose. All these 
strata; moreover, have successively undergone con- 
siderable catastrophes, to which they continued sub- | 
ject until the birth of our continents. But, from this 


period, all those great effects have ceased on our 
globe. ‘The pesiduatd of the primordial liquid, which 


is the sea, no longer produces mineral strata; it has 
lost all the substances which produced those of which 
the mass of our continents is composed; and new 
ingredients, capable of effecting such precipitations, 
Ho longer arise from the interior parts of the earth. 
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The mass of the strata, now abandoned by the sea, 
is no longer subject to those catastrophes, by which 
their preceding revolutions had been occasioned ; the 
interior of the globe having alread, y assumed a feel 
state. Terrestrial causes still remain the same, but 
circumstances are changed: their general characters, 
indeed, are determinable by their actual effects ; but 
the latter mostly consist in those vicissitudes of com- 
position and decomposition, which we observe on the 
surface of the earth. | | 


68. I have hitherto omitted speaking of volcanoes. 
They are a distinct process, connected, no doubt, 
with the primitive composition of. the globe, their 
- monuments being even inter mixed with those of pre- 
- eipitations, and of catastrophes of the mineral strata; 
but they have not contributed to these effects in any 
way that has yet been discovered. Dr. Hutton is. of 
a different opinion ; and I shall examine his reasons, 
as I have examined those of Dr. Schmieder, who 
thinks, with Dr. Hutton, that our continents have 
been raised up by a subterrancous heat, though he 
differs widely from him in every other part of his 
theory. 


69. Ae monuments of effects, posterior to the 
formation of the strata of granite, are our guides in 
the determination of other circumstances relating to 
the nature ot the mass of the earth, at the. period 
when all these operations began; for, it must, have 
contained. within itself the causes; which produced 
the successive differences of precipitations from the 

: | | same 
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same liquid, as well as the cause of the catastrophes, 
which the mineral’ strata have undergone since theit 
production. © It may easily be conceived that infer- 
ences. can be drawn with a probability approaching 
to certainty, only by taking in the whole assemblage 
‘of well-determined btietotiena: and such is the me- 
thod which I have followed in my Letters to Pro- 
fessor Blumenbach. TI have formed no“ conclusions 
arbitrarily, they proceed from the facts themselves ; 
but these are so numerous, and so varied, that it 
would be necessary, were I to detail them here, to 
go over all the branches of geology, which it will be 
more proper to refer to the sequel of this work ; for 
the present, therefore, I shall indicate only one of the 
pepe of these branches. 


70. The cause of the catastrophes of mineral strata, 
and that of the birth of our continents, which refers 
to them, cannot but-be intimately connected with all 
other geological phenomena ; and it is necessary, in 
the first place, to determine, with respect to them, 
whether, in the changes of relative level of such 
masses of those strata which have formed even the 
great chains of mountains, (changes which are the 
consequences of those catastrophes) the parts most 
‘elevated have been raised, or the lowest have sub- 
sided. ‘ The former of these systems, as we have seen, 
is maintained by Dr. Hutton and Mr. Playfair : the 
latter is mine; and this difference of opinion will 
Be rise to an attentive examination of them. ° 


rig Both 


63 

. 71.. Both these theories necessarily imply the exist- 
ence of caverns..in. the interior of the globe; nothing 
but the admission of caverns can, possibly account for 
the. operations, which form a,part. of each. system, 
Now as, of all the hypotheses which have been framed 
for the explanation. of terrestrial phenomena, thes¢ 
two can alone maintain so far their ground, the exy 
istence of ,cayerns in the interior parts. of, the globe 
forms a fixed point in geology; and the, origin: of 
these caverns being necessarily connected’ with the 
primary. constitution of the earth,. they, become a 
leading step towards its determination... But a great 
rane occurs, accordingly as either of these sys- 
tems. is embraced; .In the theory of subsidence, 
which, in consequence of some striking symptoms, I 
had already adopted in my first work, but which has 
been considerably developed by subsequent observa- 
tions, the formation of these cavities is a consequence 
_ of that state of things, which produced different suc- 
cessive precipitations from the same liquid, as. well 
as many other corresponding phenomena, which I 
have indicated. [his theory makesit likewise appear _ 
why the catastrophes, which evidently took place at 
different periods, have been thus successive, yiz. 
because the caverns themselyes must have been 
formed in succession, from the very nature of the 
cause which produced them. Lastly, the same theory 
accounts for the stability of our continents, although 
they are only a mass of ruins, by implying that the — 
great masses, as they sunk, descended to the bottom » 
of the caverns ; which therefore, at the close of these 

2 7 catastrophes, - 


catastrophes, were nearly filled up;. such vacant 
spaces alone remaining in them, as occasion the pre- 
sent. phenomena of volcanoes and. earthquakes. 
Every, thing is connected im this theory, and each of 
its parts may be submitted to the test of direct, facts, 
But widely. different is the case in the theor; y, of eleva; 
tion,,,.And first, the hypothesis, of a great, internal 
heat, upon, which it is grounded, is altogether: inade- 
quate:to the explanation of the oveat phenomenon, of 
mineral, strata, successively differing In .genera ; and 
species, and formed in the same nies from the 
same liquid. And as, according to this, theory, the 
caverns, must have been formed by, the. very act of 
elevation, they would necessarily still exist, and our 
continents, although: composed. of the ruins of strata, 

would in a.manner be suspended over them. Now 

_such, being Dy, Hutton’s system, a comparative exa- 

mination of it with mine will give rise. to various dis- 
 quisitions relative to the primitive constitution of our 
globe, 


72., I have now indicated the principal roads which 
Pave been,opened in. the field of geology, together 
with the, different opinions. still maintamed in regard 
to them. This first sketch was necessary, in, order 
that the reader might have a clear idea of the yayious 
parts of this field, when I come to treat. of the ques- 
tions connected, with them. It may. already -have 
appeared, from this exposition, that a, fundamental 
question in geology, nay, the first and most.important 
in the actual state of the science, is the following: 
Can it with certainty be determined what was the 
state 
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state of our continents at their birth? That is to say, 
are the causes, which act and must have acted upon 
them from the beginning, together with the effects 
which those causes have produced, sufficiently known, 
to enable us to infer certainly from them what was the 
original’ state of each part of their surface? This 
gens ‘is one of the most essential objects of geological . 
‘investigation, and it is likewise that to which the facts 
collected in my ‘travels principally relate. In’ the 
rapid though correct sketch which I have here given 
of geology, I have been unable to introduce this great 
object, otherwise than in its relations to ‘others, : 
which I have also traced in a summary manner; 

but it will be developed in the followmg DissERTA- 
TION, in which will be more dligtineds seen the ad- 
‘vantage of having in view a different theory, such as 
that of Dr. Hutton, supported by Mr. Playfair, on 
account of the talents and the knowledge of these 
‘geologists. For, as I have already remarked, it is 
the discussion of different. opinions respecting the 
same, objects, while the decision between them de- 
pends on facts, which fixes the attention on those 
objects; and as, with regard to these indispensable 

means of advancing in real science, the deductions 
from data, the above authors appear always to pro- 
ceed with the most guarded caution, I shall: also | 
endeavour not to be deficient in this respect. Thus, 
I hope, considerable light will be thrown on the sub- 


ject, and some fixed and unalterable points be esta- 
blished in geology. 


DISSER- - 
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‘DISSERTATION | 


On the Geological aadliniine near itkter mine THE 
STATE OF OUR CONTINENTS AT THEIR BirtH ; 
preceded by some general Considerations on the. 
Causes which retard: Decisions in the Study of 
Nature, and containing’ an Examination of Dr. 
‘Hurron’s THrory oF THE Earta, with some 

Remarks on ‘vie + Mr. spay 
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‘THE principal object of this ‘Dissertation is to 
be considered as a central point, to which 


‘all the phenomena scattered over the wide “field of 


the travels of a geological observer ought ‘uniformly 


‘to tend; as such, at least, I have in mine kept’ it 


constantly’ in view. It is for want of considering 
this subject, that the monuments of the action of 
physical causes, every whete observed upon our 
globe, have given rise to so many different systerns : 
for, until the iniportance of the distinctién which I 
have pointed out between two classes of effects, one 
of those which had been already produced upon the 


earth’s surface, previously to the birth of our’ conti- 


nents, and the other, of such as took place upoti these 


“continents, subsequently to that period, be fully un-— 
“derstood, atid those of the latter ‘class accurately de- 
‘termined, we remain in'the same labyrinth’ in which 
the first geologists wandered. 


iy 74, “There 


74. There is but one way of ascertaining the ori- 
ginal state of our continents; but it is one which 
cannot fail, provided thenecessary time and attention 
be bestowed upon it: I mean the study of the physi- 
cal causes, whichare now acting, and must from their 
birth have acted; .on them; together with the deter- 
mination‘of what these causes have- already effected. 
‘Tf this study: be prosecuted | with all the care which 
— sé&vast acfieldsof a inquiry, demands, each distinctive 
part ofthe garth's*surface may be brought before the 
mind, in the state in: which dt existed at therorigin of 
our continents, and the monuments of the action of 
past causes may hence..be-eyidently discerned in 
them ; causes more easily to be discovered, when 
thus chananteriegd ‘by their precise effects. _ Another 
great advantage r results from such, a mode of i inquiry, — 
»viz,{that, by, tracing. back the actions of actual Cases, 
we, are enabled to ascer tain, with sufficient precision, 
ithe tine, during which they have operated, or, in 
eather words), the time which has elapsed since the 
abicth:, of our continents, to set aside ,all systems : 
founded in simple conjectures 5 Ww hich, requiring for 
thein suppost.mgreat antiquity in-our centinents, haye 
. Bhs ac obseurity-oyver all terrestrial causes, 5 
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is Rey ty thus ‘that the rach deter mination oft the 
‘state of our continents, at their birth becomes, cen 

tral.point i in geology, because. equally divected to time 
past; and present. Now as, this determination, de- 
_pends. on, the investigation, of, the actual, State of, our 
_continents, and of the actions, of causes which. are 
constantly operating, it appears. surprising, that. it 
should 
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should still: remain‘aiproblemi. This formis:the sub- 
ject: of the remarks announced! in’ the'title of the pte? 
sent Dissertation ; ‘remarks;> which will diselose-one — 
of the causes of that difference of-opmidn; still subé 
sisting oaths neneyape to this peli 

A ee D Doh 


edhe. ltd is will bi sane ‘asieticteibe in sbienr tic} 


thatiwe are taught the necessity of repeating it, with 


respect to the same phenomena, when accompanied 
by different circumstances; for the purpose-either-of. 


| drawing inferences fromithem ourselves, or of learn- 


ing properly to appreciate those of. others): >was 
sensible of this; while frequently reflecting on the 
objects ‘which presented themselves successively to 
amy view inthe course of my ‘various travels; even of 
suchias I’had not undertaken for the express:ipurpose 
-of observation ; for the. more these objects:were mul- 
tiplied in my journals, orin my memory; the more I 
swas convinced ‘of the: necessity of' again -examining 
those which I had already ‘observed, not:only :by | 
‘seeking for them in new places, but by returning’to 
such as I-had formerly-visited, when other observers 
had deduced from: them: inferences. which differed 
rommy own. «I have hence: been induced ‘to delay 
for so considerable a time the “publication of the ° 
travels which I have frequently announced, having 
found it necessary to continue them, as long as I 


“should have sufficient strength to» bear the fatigue. 


Experience had taught me that it was impossible too 


“Often to inspect the same objects, with an eye which 
-vepeated observation had rendered more and more 
ee when the different aspects under which 
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they might be viewed, had given rise to different sys- 
teins ;. for. no complicated. objects can be fully known, 
unless: that! whichis. accessory to the character of 
their respective classes has been sep enone 
Jali ud Bipid | oe 
77. When dius phenomena are of a salanedieh he 
found in different associations with other phenomena, 
ifiiwe swish ‘to. trace them to’ their causes, we must 
observe. them in:all these associations, »and compare 
them under all: these. points of view, For pheno- 
mena, | ‘insulated .and dispersed, like the scattered 
fraginentsiof statues, eastly enable thei Imagination. to 
formjoby.the,aid ofihypotheses, groups ditiniciae as. 
widely fron: eacly other as from the truth. It is only, 
‘therefore, after having. repeatedly observed the same 
phenomena, under all’ their’ various aspects, and ia 
-all the:scombinations. of: which’ they are susceptible, 
‘that we.can, becomevacquamted with their specific 
«characters ;: for; if well determined, ‘they will always 
‘be > found the »same,. dn sall their associations: with 
cother phenomena, of whiehy am their turn,’ they! wall 
eserve:to determine the proper characteristics ;\ and 
‘this, at the same time, is the oly means of devienilinds 
with certaintysto their respective. causes, which;causés 
vare themselves ‘found: to be mutually, ‘connected: by 
‘ita es links., by daily else 
4 8. Tt is not possi however, to bavisie at once pre- 
sent to the mind these different representations ofthe 
same objects, though their distinctive characters cantbe 
ascertained only when they are viewed together ; nor, 
. indeed, does. the mind enter upon. auth, @ pracess, 
| - when 
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wdieniifit, ‘draws: conclusions ; it’ generalizes: them, 
under those characters, and forms groups, which be- 
come its immediate data. Now it is during this 
transition from the detail of phenomena, (which may 
be considered as the first data afforded. by nature). 
to their generalization by the understanding, that 
arises the greater part of its errors; and these are 
the fruit of its impatience: it is eager to generalize, 
and that, not unfrequently without having collected 
a sufficient number of circumstances relative to the 
same phenomena, to enable it to’ascertain their true 
and distinctive characters: their real connections 
thus remain unknown, and it is no longer the under- 
standing but the imagination, that is at work, which 
at all timescan combine and associate things, in 
themselves the most incongruous and discordant. 


79. It is ever necessary to consult, Bacon, as our 
true guide in the study of nature ; for it was he, who, 
having collected together all that had been attempted 
in snliie career, discovered the real causes why so little 
progress had been made in it,, and who pointed out 
the road to be pursued for avoiding error. With 
him, generalizations became a most important object. 
Bseseivinis the strong tendency of the mind to gene- 
ralize, whether well or ill, in order to form a kind of 
science, he attempted to restrain it from employing 
its powers too soon upon abstractions, by showing 
how much was preyiously to be done. At the same 
time, he combated that scepticism, which refused te 
the human understanding a capacity of arriving at 
the truth, only because it had not yet followed the 

roads 
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roads which might lead toit ; roads, which he himself 
traced out with astonishing sagacity. ‘It is chiefly, 
then, in regard to generalizations, that they, who de» 
‘vote ‘themselves. to the: pursuit. of natural science; 
stand im need of sucha guides for there, as I have 
said, originate the errors which produce uncertainty 
in that sciénee ; and,’ in’ pointing out their various 
sources, Baton indicated one which is very common 
in the following passage of his Impetus Philosophici; 
de, Interpretatione Natura, Sent. 8. “A philoso- 
pher,” he says, “who is engaged only intheresearch | 
of the causes of obvious and compounded phenomena 
....4 but does not apply himself to the discovery of 
simple phenomena, first to those which are such in the 
popular estimation, then to those which are reducéd 
to a true decomposition and simplicity, by a kind of 
distillation, may, if in other respects he commits no 
error, add to what is alteady discovered something 
not to. be despised, and even bordering on discovery; 
but will have no success in conquering the inveterate 
and general prejudices of the age; and cannot be 
called an interpreter of nature *. visi eae 

80, It is this decomposition which must precede all 
generalizations ; for these must refer to simplitied 


— * Qui in rerum obviarum et compositarum causis exquirendis,, 
g++. Versabitur, nec se aij naturas simplices conferet, ad istas 
primo, que populari ratione tales sunt ; deindé etiam ad eas que 
arte ad veriorem simplicitatem reduct# sunt et veluti sublimate, 
is fortasse si cmtera non peecat, addet inventis quadam non 
spernenda, et inventis proximna, Sed nil contra majores rerum 
secularitates mavebit, nee interpres dicendus, erit. Vol. V. 
p. 186, — 

phenomena, 
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phenomena,’ if we are desirous of ascending, by their 
‘means, to causes. Yet, notwithstanding what Bacon 
had said upon this subject'in many other parts of his 
works, itisstill too common to generalize complicated 
phenomena, because they them lead us more immedi- 
ately to practical consequences, which, no doubt, are 
very useful) But Bacon frequently and expressly. 
attempted to counteract this propensity in those who 
devote themselves to the study of nature > because, in 
endeavouring to discover the practical uses to. be 
derived from phenomena, they do not renounce the 
determination of causes, though they frequently pro- 
fess to do so. Such a mode of proceeding: is 

the more dangerous, as conjectures on general ob- 

jects are supposed to be verified by successful, though 
only particular, applications. 
- 81. In order to lay a sure foundation for some 

general theory, we must study with equal care all the 
phenomena, however remote, that are connected, by 
means of intermediate circumstances, with those, on 
which, as being principally in our view, we had be- 
stowed a considerable degree of attention.’ For-all 
these relations between objects, distant as they may 
be, originate in common causes; amongst which the 
most remote do nevertheless modify the effects. of 
such as are more immediate in the phenomena, whence 
conclusions, relative’to ‘their distinctive causes, are 
drawn. Now if, previously to drawing these con+ 
clusions, no care has been taken to distinguish in 
these phenomena what it is which produces their 
_ velation to others, in order that such only, of their 
: cireum~ 


circumstances;may be viewed, as have originated in- 
specific ‘causes; erroneous. determinations, with re- 
gard to these latter, wilt naturally be formed, the 
whole ofan effect bein attributed to them, which — 
no single cause can pions: It.then also happens 
that other observers, noticing the same phenomena — 
under different associations, assign to them different — 
causes ;. and this produces a general scepticism with 
respect to causes in the minds. of those philosophers, 
who derive all their knowledge of natural science from 
books. ’ : 9 


81. (a.) This objbet of generalizations, ssendtonial 
was, very justly, that on which Bacon dwelt the most, 
and more particularly in his immortal work, the 
Novum Organum ; because it is the generalization of 
generalizations which furnishes the science of nature 
with solid general principles, continuing to rest on © | 
the phenomena themselves; and the assemblage of 
such-general principles by degrees gives rise to the 
only metaphysics, which that great philosopher con-- 

sidered as’ real, or withm the reach of the human 
mind. ‘There is indeed much labour to be expected 
in pursuing the road which he prescribes ; but he fre- 
quently adduces new motives of encouragement, by » 
holding’ out the prospect of unexpected acquisitions 
of knowledge, which will undoubtedly be obtained in. 
the course of such a mode of inquiry.. Our way 
becomes less intricate, as we advance, a more exten-- 
sive view opens before us, while our steps become 
more and more secure ; and besides, this:is the only 
road vhich leads to an outlet:  Let:no man,” (as. 
. ) he 


m0 
he observes, Nov. Org. Aphor. 112.) “ be alarmed 
* at the multitude of the objects presented to his 
attention, forit is this, on the contrary, which 
. ought rather to awaken hope. For there are cer- 
tain phenomena, both of nature and of art, which, 
“ when, according to the evidence obtained, they 
* have been separated and abstracted from extra- 
“ neous objects, may be collected as it were in a 
‘“‘ handful, for the understanding to form its conclu- 
“ sions from them. Of this road, therefore, the 
issue is open, and even near; while the other’ 
(that of speculations and comments on objects, such 
as they present themselves to the first view) “ has no 
* issue, but. becomes more intricate, the farther it 
* proceeds,” 


ae 
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82. This is, therefore, the true road which we must 
follow, in order to promote the advancement of the 
science of nature; but it is not absolutely the diffi, 
-culty-ef the path which retards the progress of this 
science: it still advances, though it spreads. but 
slowly ; and that from a cause which I shall notice 
here, as it will often become the subject of my re- 
_ marks.- The naturalist, who, in generalizing the 
phenomena which he has observed, shall Liana fol- 
lowed,.in every respect, the admirable rules laid down 
by Bacon; will have present to his mind a miniature 
sketch of the phenomena which he has collected ; 
and if he has been led-to any conclusions relative to . 
causes, he will perceive clearly that they are der ived 
from the phenomena themselves, viewed in all their’ 
details. Subsequent observation, indeed, may lead | 

aT ite 
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to farther inferences, but his first decisions will west 
main-unchanged, because~his conclusions’ have ‘not 
gone beyond his data. - However, lie must notexpect! 
that his generalizations will-impress others withthe. 
same conviction which hé feels hiniself although it is 
evident, that, provided - they be just, diis condlasiéns 
‘must inevitably follow; for generalizations ddnot 
bear within {Reriwelwe any intrinsic: characters! of 
truth ; since they are merely simple assertions: of the 
peer relative to the nature of phenomena) and 
not these phenomena themselves. +» Now as it is very 
common to meet with different generalizations of the. 
same phenomena, offered with equal confidence, 
that abstract form has lost its force, as well in the 
estimation of those, who, without prosecuting inqui- 
rics themselves in natural science, are yet desirous 
of knowing the different facts which have been ascer- 
tained, as of those, who have difterently generalized 
the same phenomena, and who, half conscious, per- 
haps, that their own generalizations are not free from 
admixture of arbitrary determinations, imagine that 
the case of all other observers 1s aig the same 
as their own. pal 
83. We may then web t inntenivand Ww bine in ‘Sac 
is requisite to render the progress of natural science 
less subject to fluctuation ; namely, that all philoso- 
phers, who offer generalizations as the foundation of 
any system, should form them, as it were, with the 
constant concurrence of their readers, by laying 
before their eyes all the details of the phenomena: 
But the fear of being tedious preventing many, whe 
are well qualified fk the task, from adopting such a 
course, 
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course, they are thus reduced to the level ofthose, . 
who have formed their generalizations too precipi- 
tately ; and hence all abstractions of phenomena are 
teceived with distrust. Consequently, real and ge- 
neral advances will then only be made in the science 
of nature, when the dread of prolixity shall be over- 
come, and when those who desire to cultivate that 
_ science shall be taught not only to wish for, but to 

expect, such a. complete exposition of the several 
details of phenomena, ‘as may enable them to enter 
by themselves upon the task of generalization. | 


84. It will indeed be. perceived that I have been 
led to these remarks, the solidity of which cannot, I 
think, be questioned, in order to justify the details 
contained in the ‘Travels, the publication of which 
will follow that of the present work. ‘They have been 
accumulating for the last five and twenty years ; and 
I have had many opportunities, during that time, of 
perceiving the little effect of generalizations, of which 
I shall have a strikmg example to adduce. 


85. The object announced im the title of this Dis- 
sertation is the determination of the state of our con- 
tinents at their origm ; and I have shown that, until 
this point be positively ascertained, the science of 
geology must necessarily be vague and uncertain; 
for the causes, which have produced the mass of our 
continents, such as we observe it, will still be con- 
founded with those which have altered their appear- 
ance since their birth. The only mode, as I have’ 
already said, of prosecuting successful inquiries on 

this 
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this subject, is to investigate :the causes.2now operats 
ing, and to trace the changes which they have alteady 
produced. For if this method be scrupulously eb? 
served, throughout all. the classes, of phenomenayf 
we thus come to ascertain the changes, which, allthe 
distinctive parts of our continents have: undergone 
since they have existed, we may learn with. certainty 
what their original state must have been. By» the 
various pea i also, resulting from those several 
causes which we see in action, we shall be enabled 
to determine the period of time during which these 
causes have operated, and consequently the real 
antiguity of our continents ; and these are the’ sub- 
jects of the present inv éstigation; 


86. That all geological phenomena are to:-be.cons 
sidered with respect to these determinations, is evi- - 


dent from the circumstance, that they are employed 


with this view in all the geological systems entitled 


to any attention. ‘This is more particularly. theicase 
in Dr. Hutton’s Theory of the Earth, which, as I have 
professed, I shall always have in sight in these m- 
quiries. ‘That geologist has,. in fact, determined the 
state of our continents at their birth, by describing 
the several changes, which he supposes: to have: been 
produced by the causes acting on them since that 
period; and at the same time that, by his mode of 
considering the action of those causes, he is led to 
conclude that our continents are. of immeasurable 
antiquity, he deduces from these operations the cause 
of the formation of our mineral strata at the bottam 
of the sea; and thus is obliged to have recourse te 

| } the 
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the, process, to which he ascribes their becoming dry 
‘land, under their present form ; a succession of sup- 
‘posed effects embracing the whole field of Bevienye 
The outlines of this theory have asi traced in § 24. 
he 87, 1 base sails said that Dr. Hutton did me 
the honour of sending to me his first’ paper on. this 
subject, published) among those of the Edinburgh 
Society ;\ and that; considering myself as under the 
obligation of examining it with care, I addressed to 
him four Letters, which were inserted in the Afonthly 
-Reviewsot 1790 and 1791. In these Letters I em- 
braced) all the principal propositions of his theory, 
_.and insparticular those relating to my present object, 
wiz. the state of our continents at their birth. This 
subject I shall at present resume, in the examination 
of Mr. Playtair’s work, which gives. a very clear ex- 
‘position of the opinions of Dr: Huttonj as more fully 
developed, and more-particularly: defended, by that 
gentlemam himself, in the second: work published by 
him in 1795; and as I proceed in that examination, 
I shall occasionally recur to what I had opposed to 
Jim: in bee Letters, on his first statement of his. 
Seana ! 


88. In the course of these discussions, the truth of 
a remark, which I have already made respecting 
generalizations, will abundantly appear, viz. how 
little they are calculated to persuade, or even to en- 
gage attention. Although my first geological work 
-contained many travels, it presented but few details, 
as I me chiefly confined myself to exhibiting pheno- “ 
: mena. 
& 
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mena under general points of view. When t wrote 
my Letters to Dr: Hutton, I was not prepared or the 
publication of my new travels, both on account of 
other objects.on which I was employed, and ‘because 
I had farther travels m contemplation. In order, 
therefore, te combat: his ideas respecting the effects 
of the causes which act:on our contents, \D had ad- 
duced the generalizations only of the phenomena that 
I had already observed ; which, however, if they were 
correct, must have satisfactorily proved: that Dr. 
Hutton had not paid sufficient attention to those 
phenomena. Now it is solely to this form-of gene- 
ralization that I can attribute the'little notice»which 
he, and also Mr. Playtair, who is acquainted with 
those Letters, have taken of them; so that neither ‘of 
these gentlemen, while repeating the same opinions 
on this subject, contained in Dr. Hutton’s first paper, 
has at all adverted to the facts which I opposed to” 
them, although they themselves. generalized» the 
greater part of the facts on which they regi their 
spats ; 


1h BO. Havirig batt in my Letters to mee atone. 
more in view the examination of his theory than the — 
exposition of my own, I coneluded those Letters in 
‘the ‘following manner +—“ I think, Sir, J have now 
oh completely executed what I had undertaken ny 
“ respect to your opmion on the fevolutions that 
“ have happened in our globe; but there remains 
“ another point which I have’.not yet) ‘treated. 
“* Thinking that yow had explained very naturally, 
and without any great destruction of the organised 
| “* beings, 
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‘*. beings, the deep amarks of revolutions impressed 
“ ongur continents, you concluded thus: ‘ There- 
« fore there is no occasion for having recourse to any 


~* destructive.accident in nature, or to the agency of 


“any preternatural cause, in explaining that which 
-#, actually appears.’ "This point then remains to be 
bs examined, and | intend to.do it,as soon as some 
‘other ayocations shall leave me Sun geae leisure.” 
jm sph to pare teeta Ww a elon Bek. 
to, translate them into..German, in..order to, msert 
them an, the Journal. de Phys. de \Gotha; but 
they,were.at- the same time published in London, 
793,147.94, and 1/95, in the British Critic... These 
vare the same ‘which I have already. mentioned as 
having been published with additions at Paris, in 
1798. ‘gale. this last edition contains ,. the,exposition 
wof the whole of my, system, it isa work to which I 
-am jhere under, the necessity, of referring ; 3 for L am 
now performing only what I then announced as, my 
intention, viz. to, support and confirm it, in all its 
{partss by,a, further developement of tacts, and. their 
seelaedliveyinneee: ie 4 
rode etl yr 
irae Dre Dieta was | ra with my pated 
eur Histoire dela Terre et del "Homme, in which 
the evidence adduced to prove the small antiquity 
of, ux continents was such, as forcibly to strike geo- 
logists, undoubtedly of the first eminenee, since in 
their number Linclude Messrs. p—E DoLomiru and pz 
Saussure, I shall hereafter have oceasion to quote 


‘the latter, ‘on, a subject;upon which his authority is- 


decisive.; 
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decisive; but I shall state in this place the opinion 
of M. de Dolomieu, as contained in a note of his 
important Memoir sur les pierres composées et sur 
les roches, (Journ. de Phys. de Paris, de 1792, 
Part I. p. 42.) “ T shall defend,” he says, ‘ another 
truth, which appears to me incontestable, and_ 
“* which the works of Mr. De Luc have rendered 
‘ evident to'me; a truth, of which I see the proof in 
“ every page of the history of man, and in all those 
wherein the phenomena of nature are recorded. 
“With Mr. De ‘Lue, therefore, I shall say, that the 
‘actual state of our continents is not ancient ; with 
him I think that but @ short period of time’ has 
elapsed, since they were given, 4 ahaha pre 
modified, to the dominion of man.” 


91. I was already informed of the opinion eniter- 
tained by M. de Dolomieu on this subject, having 
seen him at Paris in 1782, wher I received Dr. Hut- 
‘ton’s first paper. I was surprised that the latter 
‘should have bestowed so little attention on the proofs 
‘of various kinds’ which TI had given m my werk, of 
the small antiquity of our continents; but I ascribed 
it to the force of prejudice produced by his other . 
hypotheses, which required that\a period: of time - 
‘immensely long should have elapsed, since they had 
‘emerged from the sea. | therefore examined the 
“hypotheses themselves, in the first of my- Letters 5 
and having there’ shown their dependence on‘ the 
Syariotis operations taking place on our continents) it. 
was the object of miy three following Letters to eom- 
pare those hypotheses with a gencral view of the 
POV LETS phenomena 
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phenomena. already described in my first work, which 
had “been confirmed by many other observations 
made subsequently to its publication. _ 


92. Since that time I have continued and greatly 
_ extended my observations, without finding reason 
to change any of the propositions contained in my 
Letters to Dr. Hutton, whether in relation to the 
phenomena exhibited by our continents, or to their 
geological consequences ; and I believe that all those, 
who shall read them with attention, will find these 
consequences result naturally from them. Very 
little notice, however, was taken of .my Letters, 
either in’ Dr. Hutton’s second work, published in 
1795, or in that of Mr. Playfair, which I shall more 
particularly keep in view, as having appeared in 
1809, (after the last edition of my Letters to Professor 
Blumenbach) for the express purpose of illustrating 
and defending the theory of Dr. Hutton. In the 
discussion of that work will be seen the very slight 
attention bestowed by these two geologists on the 
facts which J had opposed to their opinions, and the 
truth of the remark made on that subject in the pre- 
ceding pages. I had presented the greater part of 
the facts under the form of generalizations ; and the 
same phenomena had also been generalized by Dr. 
Hutton; neither he nor Mr. Playfair were within 
reach of the places where my observations had been 
made ; nor, doubtless, did they revisit those in which 
their own systems had been formed, in order that, on 
a fresh examination of them with a view to my gene- 
ralizations, they might judge whether I was mis- 

Cr taken ; 


ioe. 


taken > that Iwas so, they have gratuitously assumed; 

and thus they have scarcély noticed my objections. 
: . Yet this is not the way to promote the ad- 
Vvanceinen t oi geology ;, a science, wh ich i have 
already shown to have become. so interesting and. oS) 
important ‘to mankind. It rests en facts; which, 
however, every oue has not opportunities of observ- 
ing. According to the con¢lusions: ef Dr. Hutton, 
and of many other geologists, our continents are, of 
indefinite antiquity, they have been peopled we know 
not how, aad mankind are wholly unacquainted with 
their origin. According to my conclusions, drawn 
from the same source, that of facts, our continents 
are of such small antiquity, that the memory of the 
revolution which gave them birth must still be pre- 
‘served among men; and thus we are led to seek ithe 
‘-boolx\of Genesis the record of the history of the hu- 
man race from its origin. . Can any object of import- 
ance superior to this..be found. throughout the circle - 
of natural science? is there any one in regard.to 
which we should be mere cautious and attentive in 
investigating such facts, as may be adduced in oppo- 
sition to our opmions?. tacts, however, will ulti-~ 
mately prevail; we must taeretore take care that they _ 

be not against us. or this reason,.I have constantly, 
made them my obiect; they will be found, related 
dnimy travels; and I shall determine their respective — 
classes, in the progress of such an examination of 
the system illustrated by Mr. Playfair, as_1 could 
wish him to have undertaken of mine, joer 


-# 
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"94. The first object of my examination will’ be 
that, part of his work, wherein he gives an exposition 
‘of the operations which take place on our continents, 
widely differing from that contained in my Letters to 
Dr. Hutton, though he does not himself take notice 
‘of the difference ; but I shall point it out, as the in- 
‘stances “of ‘it stall successively occur. He enters 
‘upon the subject in § 96, and.-it is continued to $103. 
‘T shall'transcribe the whole passage, introducing: my 
“own remarks as I proceed. Our conclusions will be 
‘found to be diametricaily opposite to each other, 
and both have however the same objects in view. 

~ “Tt would far exceed the limits of this sketch;” 
“he says, “ to pursue thé causes of mineral decompo- 
sition through all their forms. It is sufficient to 
‘remark, that the consequence of so many minute, 
| “but indefatigable agents, all working together, and 


versal: decay and degradation, which may be traced 
‘over the whole surface of the land, from the moun- 
i“ tain top to the sea-shore. ‘Yhat we may perceive 
the full evidence of this truth, one of the most im- 
‘sportant in the natural history of the globe, we will 


_ begin our survey from the latter of sti stations, 


wi ‘and retire ite ae toward the former. 


c If the coast is bold and rocky, it speaks a lan- 
“guage easy to be interpreted. Its broken and ab- 
‘rupt contour, the deep enlphs and salient promon- 


“ tories by which it is indented, and the proportion 
£6 


4 & 
on“ 


beted ioe *° waves, 


having gravity in their favour, is a system of uni- © 


> 


. ‘which these irregulari ities bear to the force-of the . 
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waves, combined with-the inequality of hardness 
in the rocks, prove that the present line of the 
shore has-been determined by the action of the sea. 
The naked and precipitous cliffs which overhang 
‘ the deep, the rocks hollowed, perforated, as they 
' aye farther advanced in the sea, and at last insu- 
** Jated, lead to the same conclusion, and mark very 
* clearly so many different stages of decay. It 
“is true, we do not see the successive steps of 
“ this progress exemplified in the states of the same 
** individual rock, but we see them clearly in different 
** individuals; and the conziction thus produced, 
‘when the phenomena are sufficiently multiplied 
“and varied, is as irresistible, as if we saw the 
** changes actually effected in the moment of obser- 
“* vation.” 


an 
~~ 


95. Onreading these remarks, we might naturally 
suppose that they were designed as an answer to 
some system, in which it was pretended that the 
billows of the sea, in their attacks upon the rocky 
coasts, didnot produce any degradation ; and that it 
was sufficient to prove the fact of actual waste and 
‘decay, in order to show that the sea destroyed, and 
would continue to destroy, our continents. It was 
not, however, under this point of view, that I had — 
presented the object in my Letters to Dr. Hutton. 
The question which I had examined was, whether - 
. the action of the sea upon our coasts had deter- 
»“ mined their present line,” and formed “ the deep 
_ gulphs and salient promontories by which they 
-© are indented ;” and such an opinion I had com- 
| bated, 
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bated, by producing facts altogether subversive of it, 
To all those who have studied the coasts, it is obvi- 
ous that the “ action of the sea” has, on the contrae 
ry, a direct tendency to fill up the gulphs, and to 
destroy the promontories, which existed around the 

continents, when the waters of the ocean were car- 
ried into their present bed; and I have shown that 
this action, so far from threatening our continents 
with destruction, must, by its very nature, at. some 
future period cease to eperate. This is what I had 
shown .in my Letters to Dr. Hutton; and as no at- 
tempt has been made to remove this objection, it still 
remains in its full force. I am well acquainted with 
one of the coasts, of which the phenomena have been 
generalized by Mr. Playfair in the manner we have 
just seen; it is that of Devonshire and Cornwall; 
which, as he had elsewhere particularly mentioned it, 
I have visited, for the express purpose of verifying 
his observations; a caution that should always be 
used in similar cases, before we attempt to establish 
positively our own opinions. I have seen all the 
phenomena by which he had been struck; but he 
might with equal facility have perceived those, which, 
in consequence of an attentive observation of several 
other coasts, I had presented in my generalization. 
and which would have effaced the impreffion made 
‘upon him, by the former. The account of my tra- 
vels on that coast will contain all these facts; and I 
shall then introduce his descriptions, from the 16th — 
note to his work. | 


“ On such shores,” he here continues, “ the frag- 
“66 
ments 
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£ ments of rock once detached, become instruments 
- of further destruction, and make a part of the 
_ of powerfulrartillery, with which the ocean assails the 
-“bulwarks of the land: they are impelled against 
“the rocks, from which they break off other frag- 
*‘ ments, and the whole are thus ground against one 
'* another; whatever be their hardness, they are re- 
“duced to gravel, the smooth surface and’ round 
»“ fioure of which are the most certain proois of a 
detritus, which nothing can resist.” 


96. This is specious; and if we satisfy ourselves 
with this single view of these objects, we shall easily 
‘persuade ourselves, that, at the end of some millions 
-of ages, our continents will be destroyed by: the 

ocean. But if Mr. Playfair had observed in ‘that 
-manner, which he himself had. before said, ought to 
“be pursued, in order to acquire “ a conviction as ir- 
‘* resistible as if we saw the chasiges actuallyeffected 
in the moment of observation” if for this purpese, 
he had attentively considered ra “ varied and multi- 
plied phenomena’. concerned in that operation; he 
would have become sensible that the very! ‘ artille- 
ry,” of which he speaks, leads to am approaching 
termination of the action. of the ‘sea upon. the coast. 
-It is not the sea which has produced the elifts.on the 
shores of our continents; and Mr. Playfair will him- 
‘self afford me an opportunity of proving it; they ex- 
“sted at the birth of the continents. As long ag the 
sea. continues to be of a certain depth near the coasts, 
it can act upon them only by its waves; how there- 
fore is it enabled, in some places, -to impel against 
a! asgn them 
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them ““fraements of rock?” It is because there thé 
fragments, which had before fallen, having accummu- 
lated in. the water at the foot of the rocks, areinowW 
arrived iat the level: of the: sean ‘Lhe ‘beach! thus 
formed,) receives the new fallen fragments); andthe 
waves agsailing it with violence, continually propel 
the latest fragments towar ds the rocks, beneath which 
they form a'slope,. which may be secn-at low water, 
and which, increasing gradually in height, isin time 
discernible at bigh water alsoo: There > mdced the 
“fraoments are ground against one another’ by the 
awayes, and) “ reduced” to that “ gravel,” which ‘is 
‘impelled avainst the rocks;” but, in proportions 
new fragments fall, the beach becomes. more elevated, 
till at lenisth the waves can no longer reach the fot 
‘of the alia which by continual desradatio a are if 
‘time reduced into slopes.» Of this: process I shall, 
in my Zrevels, give many instances on the -coasts to 
which Mr. Playiair refers; and having thus proved 
thatthe action of the sea really tends to destroy the 
¢hifis, another passage of his work wlefurnish a di- 
rect proof that they could not have been originally 
apmaiees by that action, 


“ Again,” he continues, ‘where the ssea-coast js 
-“ flat, we have abundant ey idence of the degradation 

‘‘ of the land, in the beaches of sand and ed ora- 
; “vel; the sand banks and shoals that are continually 

‘ changing; the alluyial land af the mouths of. the 
rivers; the bars; that scem to-oppose their discharge 
“into the sea, and the shallowness of the sea itself. 
“On such coasts the land. usually seems to gain up- 
a on 
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“on the sea, wheréas, on shores of a bolder aspect, 
“* jt is the sea that generally appears to gain upon the 
“and. What the land acquires in extent, however, 
“ it loses in elevation; and, whether its surface in- ~ 
** crease or diminifh, the depredations made on it 
“ are in both cases evinced with equal certainty.” 


97. This exposition of the phenomena, which are 
‘observed where the coast is low, is perfectly correct; 
but at the same time it affords a proof that the action — 
of the sea could not have produced steep and preci- 
pitous cliffs, where none had originally existed. The 
coasts, of which Mr. Playfair speaks above, are those — 
which have a gradual declivity, extended to a consi- 
derable distance beneath the water. But “ what the 
land” thus ‘ acquires in extent” towards the sea, is - 
not wholly at the expense of the higher grounds; the 
gain does not proceed solely from the sediments de- 
posited by the rivers; it is, in a great measure, pro- 
duced by the sand of the sea itself, which is impelled 
by the waves against the coast, and forms ‘‘ sand- 
* banks,” as wellas “ bars at the mouths of rivers;” 
as I shall show from the very coast on which Mr. 
Playfair has formed his generalization. All these 
phenomena, indeed, I had myself generalized only 
im my Letters to Dr. Hutton, in consequence of the 
observations which I had made on several coasts; 
and further I had pointed out the final effect to. which 
such operations tend; namely, that when the sea be- 
comes deeper close to the strand, which, at the same 
time, has gained in extent by the sand thrown up 
against it, an increase of declivity under the water 

1S 
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is thus produced, and the action of the waves, in 
propelling the sand ayainst that coast, will then | 
cease. And, on the other hand, I had shown that 
rivers, when their beds shall be sufficiently levelled, 
straitened, and enlarged, will have but few materi- 
als to carry along vith them to the ocean. Now 
such a statement Mr, Playfair fhould certainly have 
’ contradicted, had it been in his power; but he ought 
at least to have mentioned it, that his readers might 
have been enabled to form their own judgment on 
the question. For it is not only in dire&t opposition 
to the supposed destruction of the continents; but it 
evidently shows, from indisputable phenomena, that, 
if the borders of our continents had every where con- 
sisted of such low coasts, no action of the sea could 
ever have reduced them into cliffs; and that therefore 
the latter must have evisted at the birth of our con- 
tinents. Yet Mr. Playfair, as if, by his preceding 
arguments he had satisfactorily proved the tendency 
of the sea to destroy the continents, quits the coast, - 
for the purpose of observing what passes “ inland,” 
where every thing, in his opinion, appears to concur 
in effecting their sebbbi jes 


“ If we proceed,” he says, “ in our survey, from 
*‘ the shores, zmdand, we meet at every step with. the 
“ fullest evidence of the same truths, and particular- 
sf i in the nature and economy of rivers. Every 
‘ river appears to consist of a main trunk, fed from 
“a variety of branches, each running in'a@ valley 
fs raoane ep to its size, and all of them together 
“ forming a system of vallies, communicating with 
| one 

6 
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“one another, and having such a nice 2 adjustment of 
“ their declivities, that none of them jein the prin- 
“eipal valley either on too high or too low.a level; 
“a circumstance which would be infinitely impro- 
“bable, if each of these vallies were not the work 
$f a the stream that ur fae mitt.” 

97. a. Héie Mr Playfair s very correctiin stating 
what phenomena ouwhit to be, aw. order ‘toomake it 
appear probable that all vallies are the “ work: of 
Othe streams that flow in them;’: but, in supposing 
the real existence of such phenomena, he »was not 
aware how completely he should himself afterwards 
overturn that whole system, when treating of another 
point, which willbe presented in its places | Neither 
could he have had present to his mind the phenome- 
na, which I had described in my Letters to Dr. Hut+ 
ton, and which are well known to those who have 
attentively observed great mountains; viz. those mus 
merous cascades that are still seen falling down on the 
sides of the:principal vallies, the waters of which issue 
from upper. ones; that jom these at teo high:a level; 
and the multitude likewise of semi-cones, consisting 
of loose materials, resting on those sides, under the 
outlets of other vallies, of which also the level is‘tco 
high, and where the torrents, running in channel’ 
too narrow for their volume, in abundant rains, have 
formed those cascades of rubbish, if they, may be- 
so called, by propelling downwerds whatever mate- 
rials they have collected in their previous course. «In 
a word, nothing. can be:more contrary to facts than 
what Mr. Playfair here adduces as their: generaliza* 
310 tion, 


~ 


tion. .-This:must be the-result,of. very limited obser- 
vations; and he has.not, thought of..verifying the ge- 


neralization which L have given of them in different 
WwW orks. 


c ie shod? he continues, “‘ a.river, consisted: of 
‘a single stream, without. branches, 2unning.in a 
“strait valley, it might be supposed that some great 
““concussién, or some powerful torrent, had opened 
“at once) the channel by which its, waters are. com 
- dueted to the ocean; but, when-the zisual form of 
“a riveris considered, the trunk divided into many 
“branches, which rise at a, great distance. from. one. 
*¢ another, and these again subdivided into an infinity 
> “af cewpalles ramifications, it, becomes strongly. im- 
“been cut.by the sua iciaiediads e853 dat thas neat 
“ been slowly dug out by washing and erosion of the 
Jand;) and that it is by the repeated touches of the 
same instrument, that this. curious assemblage of 
“ lines has been engravéd.so deeply..on, the ‘surface 
Sot the gr ound.” " 


98. T his is indeed what Mr. iadia aa, “ str aie: 
oS ly impressed” upon his own mind; simply because 
_ he had not present to it that other part of his work, 

which 1 have already pointed out, and to. which I 
shall hereafter come, where he speaks. of. catastro- 
- phes of. the stratay not only capable of producing, 
-but having actually produced, all the systems of val- 
‘ ylies observable on our continents; a fact which I shall 
scoheginc when. I enter upon an examination of that 
jeri 7 part. 
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part. In the meantime, I shall make it appear, by 
_ what follows, that he has very superficially observed 
the phenomena on which he grounds his opinion. ~ 


“¢ The changes,” he says, ‘‘ which have taken place 
“ in the courses of rivers, are also to be traced, in 
“many instances, by successive platforms of flat 
* alluvial land, rising one above another, and mark- 
* ing the different /evels on which the river has run 
*¢ at different periods of time. Of these, the number 
“ to be distinguished, in some instances, is not less _ 
** than four, or even five; and this necessarily carries 
** us back, like all the operations we are now treating 
“of; to an antiquity extremely remote: for, if it.be 
“ considered, that each change which the river makes 
in its bed, obliterates at least a part of the monu- 
** ments of former changes, we shall be convinced, 
*¢ that only a small part of the progression can leave 
** any distant memorial behind it, and that there is 
** no reason to think, that, in the part which we see, 
* the beginning is included.” . 


99. I shall have frequent occasion to remark, that 
Mr. Playfair endeavours silently to combat the argu- 
ments which, though he does not directly mention 
them, I had waded i in opposition to this theory, in’ 
my Letters to Dr. Hutton. Here, for instance, it is 
‘his aim to set aside those traces of a beginning, which 
I had pointed out, in the form of a generalization of 
‘the phenomena along “ the courses of rivers,” where _ 
‘I had introduced an observer following them step by 
step; and this he attempts, by endeavouring to prove, 

that 
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all such traces must have been “ obliterated,” on 
account of supposed “ successive platforms of flat 
‘** alluvial land,” found, as he says, on the sides of 
vallies, at the bottom of which a river now flows; but 
I shall here proceed to show, first, that the supposi- 
tion would be inadmissible, and secondly, that xo 
such platforms do in fact evist. 


100. According to Mr. Playfair, “ it is by the re- 
* peated touches of the same instrument,” that our 
vallies have heen hollowed out. He there suggested 
the idea of a saw; and we shall soon find him ex- 
pressly mention it. Now if the stream, by an ope- 
ration analogous to that of a saw, had in effect low- 
ered its own level, how could it have been able to 
widen the valley? Can a saw enlarge its ‘way in the 
substance which it divides? -In Mr. Playtair’s opi- 
nion, the different levels, at which rivers have for- 
merly remained, are ascertained by “ alluvial land ;” 
-but alluvial land is formed only where rivers are able 
to spread themselves over tracts of some extent ;' and 
in these they make no excavation, but on the contrary, 
having lost their rapidity, they deposit such materials 
as they have collected in their course. These 
‘* platforms,” therefore, cannot consist of “ alluvial 
* Jand ;” they afford no indication that the river has 
gradually sunk; and their true nature will be seen, 
by a comparison with real al/wzions. 


J01. At the same time that rivers attack some 
_- parts of their, shores, they carry along with them 


“such materials as they detach thence, and deposit 


them 


_ 
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‘them in'pldices, over which they’ can ‘spread thent 
‘selves. Jt is thus thatvalluvial’dands ‘are’ formed + 
‘and; from ‘the nature’ of their cause, if they contain 
‘gravel, itis found at the bottoms and if there is sand, 
‘it is at the Suriace,-as having been the lastsediment 
‘of the river} when it had ceased violently to attack 
its banks; and all these’strata are horizontal.’ This 
operation I explained at large in my Letters to Dr. 
“Hutton, and I cave an example of it in the new land 


- 


“formed by the Rhiné near Coblentz; but similar in- 


stances’ may every where be’ seen. ~ Now, an the 
‘platforms mentioned by Mr. Playfair, which'T have 
‘often observed, the gravel is almost always at the 
‘surface ; in places where it is covered by some layers 
‘of sand, a still greater quantity of sand is found be- 
neath ;. and very frequently ‘these different! layers, 
-which always preserve their parallelism to cach’other, 


-are considerably inclined, sometimes in the direction 


of the declivity, but sometimes also in the opposite 
_- rection, and are fractured in the same manner as 
_‘the stony strata. I shall have trequent occasion to 
remark this im my travels. The phenomenon is there- 
‘fore very different from that of alluvial land ; ‘it be-- 
‘longed t0 our continents at their birtl th; dna! T shall 
‘take an occasion to explain the cause ‘which produced 
it at the bottom of the sea. This is, indeed, a lead- * 
ding point in the investigation of past causes, which, 
in the theory under examination, is obscured ‘by a 
petitio principi, repeated by Mr. Playfair, in his 16th _. 
“note, p. 352, when quoting “Dr. Hutton’s THEORY OF 
the Earth, ona subject to which. shall hereafter 


‘comme, namely; the mig'racion of stones. .“ We sees” 


he: 
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he says, “ the beginning of that» long journey, by 
“* which heavy bodies bane) from the summut of the 
““ land.to the bottom of the ocear, and. we remain 
“ convinced, that, on.our continents, there 1s no sper 
on which a river snay snot Jjormerly have run.” 

LT trast that, when I-enter upon that subject, I shall 
succeed in weakening this convictiou in his own mind; 
but for the present. I shall proceed: to follow him in 
his exposition... 


€6 
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“ Tn the same manner,” he continues, when a 
river undermines its banks, it .often. discevers 
. deposites of sand and gravel, that have been made 
when it ran on a Aigher level than it does at pre- 
sent.. In other instances, the same strata are seen 
on both the banks, though the bed of the river is 
now sunk deep between them, and perhaps holds 
as winding a course through the solid rock, as if it 
flowed along the surface ; a proof that it must have 
begun to duh its. bed, when. it ran. through such 
Joost materials as opposed but a a very inconsider- 
able resistance to its. stream. A. river, of which 
‘ the course is both serpentine, and deeply excavated 
in the rock, is among the phenomena, by which the 
slow waste of the land, and also the cause of that 
waste, are most directly pointed out.” 


102. On another occasion, Mr. Playfair loses sight 

of the latter part of this pases ; but [shall revert 

_to it in the proper place... I shail confine myself here 
to the examination of the first.part, which relates to 
the strata of sand and gravel frequently found on the’ 
banks 
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‘banks of rivers, as well in places where their level is 
only sometimes, as in others where it is aways, lower 
than that of the adjacent grounds. With an imme-. 
diate reference to this phenomena, I shall proceed to 
trace the operations of rivers in Jeose soils ; to these, 
indeed, we cannot too often return, for the purpose 
of describing new circumstances, as new questions 
occur; since it is an object respecting which so many 
errors ae been committed by geologists. 


103. A river may exhibit on its banks the sections 
of loose soils, either in the new lands which it has 
itself formed, or in original grounds ; but the expe- 
rienced observer may soon distinguish between the 
two cases. ‘The rivers, which only sometimes run 
on a lower level than that of the adjacent grounds, 
are those that traverse their own alluvial land, and 
originate in a system of grounds, which, though very 
extensive, has proportionably few springs. ‘After a 
long period of dry weather, rivers are fed exclusively 
by springs ; and, when this happens, those, which 
rise in such systems as I have above-mentioned, run 
on a very low level in their several ramifications, 
particularly in their coursé through their alluvial land, 
although perhaps, in rainy weather, they overflow it. 
But this gase may easily be distinguished ; for the 
strata which the river, when very pat disconetie on 
its banks, are as horizontal as the surface of the 
ground ; and, if there be any difference in the size of 
the materials which are thus exposed to view, the 
largest, suchas gravel, are found lowest, and those 
above consist of little else butsind. I had already 
mentioned 


. Bee me 
mentioned this circumstance, as a consequence of the. 
operations carried on by rivers.in other parts of their’ 
course since they had first begun to flow ; operations 
to which I shall briefly return. 


104. The places, where we see rivers running 
always on a level lower than the surface of the adja- 
.cent ground on both sides of their bed, are those 
where they have cut their channels, in orignal soils ; 
when this is the case with respect to one side ays 
they have there encountered abrupt grounds: hence 
result three distinct phenomena. First, where a river 
has met in its course with a small eminence, formed 
of loose materials, round which it has not been able 
to wind its way, rising over it, and flowing down the 
opposite side at the most favourable point, its waters 
have loosened the soil, and gradually carried it away, 
continuing the work of excavation, as long as they 
have preserved sufficient rapidity to propel its mate- 
rials towards some wider space. Such are the places, 
where the river runs in a channel more or less deep, 
and in which, as Mr. Playfair observes, -“‘ the same 
* strata are seen on both the banks ;” but they are 
- strata very different from those of alluvial land. 

105. Secondly, where such an obstacle as the 
above had formed only a kind of promontory, round 
which the river had not been able to wind, without 
greatly bending its course, the stream has attacked 
that obstacle. It has then begun to-straiten its chan- 
nel, by cutting off the cape, and thus forming an 
abrupt cif’; at the foot of which it has continued to 
PL 3 Ue Ae Be eek flow, 
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flow, still causing it to retreat more and more; while 
on the opposite side, from which the stream has 
gradually withdrawn itself, it has left behind an hori- 
zontal space ; which is a kind of adluvial land, easily 
distinguished from every other species, because it 
frequently contains materials of-a considerable size, 
that have remained on the spot, while the river has 
propelled im its course such as were smaller. But 
as this sort of alluvial land is also liable to be over- 
flowed, these large materials are now almost every 
where covered over with sand, or other loose sub- 
stances, and are found only by digging through those 
soils, whence they are often taken for useful pur- 
poses. “Tn this case, likewise, the section of the strata 
may be ar but on one side only of the river. 


106. Lastly, rivers have in some places encoun- 
tered in their course cliffs of loose strata, which had 
originally existed on the continent, having been pro- 
duced by the subsiding of the strata immediately 
before them, while they were still under the waters 
of the sea. An original cliff of this nature still dis- 
covers the section of its strata, if the river, flowi ing at 
its foot, and continually carrying away the materials 
which crumble down its sides, has not caused it to 
retreat so far, as that it may have been able to reduce 
itself into a slope, beyond the reach of the stream. 
This case too, so contrary to the notion that the rivers 
have excavated the vallies, is very discernible ; for 
those. original cliffs, with their slopes in various de- 
grees of forwardness, are found on one of the sides 
of astream, when there is hot on the opposite side 

that, 


$9 pie 
that horizontal alluvial land, which indicates the te- 
treat of a river, in spots, where the cliff has been 


formed by cutting away a promontory encountered 
by the waters in theit course, 


106. (a.) Here then are threé cases, in which the 
section of loose strata is shown on the banks of rivers, 
all absolutely distinct from that, where they flow in 
channels, which they have preserved through. their 
alluvial land; and the attentive observer will not 
confound the latter with the former. ‘The surface 
of the country renders the former immediately evi- 
dent; it has none of the characters of alluvial land, 
as is obvious from its multiplied djlections.. ‘The 
strata, though parallel to each other, are seldom hori- 
zontal ; and if their vertical sections sometimes pre- 
sent horizontal lines, the planes of the strata are, for 
the most part, inclined either backward or forward. 
Lastly, no order is visible in the superposition of the 
- materials ; beds of gravel occur, but they are generally 
at the top, or ata little depth below it; large stones 
are often met with, and even (idaldbeabld blocks, of 
@ nature very dissimilar to all the stony strata of the 
country; (an important phenomenon, which will 
hereafter engage much of our attention ;) the rest of 
the strata frequently change, from sand, to marle or 
clay, alternately ; and, asa final proof of their origin, 
marine bodies are often found inthem. ‘These details 
are surely of great importance for the intelligence of 
the channels of rivers. None of them, however, 
appear in Mr. Playfair’s exposition, any more than 
remarks on what I had said concerning this subject 
| HS | 1a 
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in my Letters to Dr. Hutton: those remarks, it is 
true, were presented under the form of generaliza- 
tions, similar to those which I have here offered ; 
but they expressed distinct cases, examples of which 
will be found in my ‘Travels. 


* Tt is, however,” continues Mr. Playfair, ‘* when 
 yivers issue through narrow defiles among moun- 
“ tains, that the zdentity of the strata on both sides, 
“is most easily recognized, and remarked at the 
‘same time with the greatest wonder. On obsery- 
- ing the Patowmack, where it penetrates the ridge 
‘“ of the Allegany mountains, or the Irtish, as it 
“ issues from the defiles of Altai, there is no man, 
‘““ however little addicted to geological speculations, 
who does not immediately acknowledge, that the 
“ mountain was once continued quite across the 
space in which the river now flows ; and, if he ven- 
““ tures to reason concerning the cause of so wonder- 
“ ful a change, he ascribes it to some great convut- 
“ sion of nature, which has torn the mountain 
“ asunder, and opened a passage for the waters. 
“ It is only the philosopher, who has deeply medi- 
“ tated on the effects which action long continued is. 
** able to produce, and on the sunplicity of the means 
“ which nature employs in all her operations, who 
“ sees in this nothing but the gradual working of a 
“ stream, that once flowed as high as the top of the 
“ridge, which it now so deeply intersects, and has 
“ cut its course through the rock, in the same way, 
* and almost with the same zstrument, by which the 
“ lapidary divides a block of marble or granite,” 
107. Tam 
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107. Iam not acquainted with the mstances to 
which Mr. Playfair here refers; but he elsewhere 
cites others, which are known to me, and will occur 
in my Travels; and I am surprised that he has. not 
in those been struck by the dissemilarity ot the strata 
on the opposite sections, and in- consequence induced 
to abandon a,system thus grounded on their ‘“ iden- 
** tity.” Ishall not, however, dwell here upon this 
circumstance, but address myself to -the “ philoso- 
“« pher,”. who imagines that he “ has deeply medi- 
* tated ;” or rather I shall introduce what would un- 


* doubtedly be the reasoning of a “ lapidary,” who 


should be told that a river had “‘ cut its course through 
“a rock, in the same way” in which he “ divides 
** a block of marble” with his saw. | . ‘ 


108. The first circumstance which must strike him 
in this supposed analogy, is the assertion, that the 
*“ stream once flowed as high as the top of the ridge 
** which it now so deeply intersects.” He very well 


 comprehends that this ought to have been the case, 


had the ridge been cut through “in the same way” in 
which he “ divides a block” with his saw. He effects 
this operation by placing his instrument on the stone, 
and drawing it alternately backward and forward ; 
but a stream is in no respect analogous to a blade of - 
steel ; it has not the same inflexibility ; nor has it any 
support, either to carry it to the summit, or in passing 
over it. He, therefore, sees clearly that neither the 
nature of his “ instrument,” nor the ‘“ way” in which 
he uses it for the purpose of “ dividing a block of 
“ marble,” could have been considered, when. his 
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@peration was adduced as exemplifying in what man- 
ner a stream might have traversed the summit of a 
ridge of mountains, and “ slowly” lowered its 
course by erosion, without haying any support on 
either side of the ridge, 


109. But our “lapidary” is thus led to “ meditate” 
on that which engages the attention of the geologist. 
He has observed the disorder which prevails in the 
strata of the mountain, whence he detaches his 
blocks; and as he has found but few of any consi- 
derable size, on account of the broken and dislocated 
state of these strata, this circumstance leads him to 
make farther remarks. ‘The mountain consists of 
several ridges, all intersected by a river, which, 
issuing through a defile, runs for some time in a val- 
ley, and then dends its course, to enter another defile. 
The face of one of the ridges, at the upper part, where 


the quarries lie, exposes to view the section of its. 


strata: he knows that the strata dip considerably in 
the interior part of the mountain, and that, besides 
the defile through which the river traverses that ridge, 
different intersections of the. summit are seen, on 
‘both sides of which the strata change their /evel and 
their inclinations. Another ridge, parallel to this, 
shows him the planes of its strata, much inclined 
towards the valley, of which the whole bottom is 
interspersed with small eminences of the same strata, 
there very much fractured and disordered.. All 


these phenomena may hndoubaenty suggest to him | 


the idea of ‘‘ convulsion ;” not of such a partial kind, 
as only to have * torn the mountain asunder,” but 
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ef those “ convulsions” which gave birth to the : 
mountains themselves, together with their defiles and 
their other accidents. 


110. This again, no doubt, is a generalization; to 
which I have been led by considering what would 
naturally be the train of thought in the mind of a 
_ “ lapidary,” if a geologist had engaged him to re- 
- flect on objects, to which, long as they had been 
before his eyes, he had hitherto attended only so far” 
as was immediately necessary for the working of his 
quarries. But similar phenomena will offer them- 
selves in my 7ravels, under a variety of aspects, and 
even in places well known to Mr. Playfair. I trust, 
however, that, before I come to those diréct proofs, 
I shail succed in convincing him that this is not a 
case where we need employ speculations, and have 
recourse to an “ action” which had operated for an 
indefinite space of time; since he will himself. soon 
indicate a cause, capable of suddenly producing 
mountains, where before there were only horizontal 
and continuous strata ; and of forming those moun- 
tains into chains, composed of fractured strata, with 
those strong inclinations in every direction, which so — 
evidently manifest the cause of the existence of moun- 
tains. ‘There, indeed, many essential points of ais- 
cussion will present themselves; but we must now 
continue to follow Mr. Playfair in his exposition, 


“Tt.is,” he says, ‘‘ highly interesting to trace up, 
“in this manner, the action of causes with which we 
“are familiar, to the production of effects, which as 

. seem 
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“seem to require the introduction of wknown' and 
“ ertraordinary powers; and it is no less interesting 
“to observe, how skilfully nature has balanced the 
“action of all the minute causes of waste, and ren- 
“ dered them conducive to the general good. Of this 


*‘ we have a most remarkable instance, in the provi- 
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wegetable mould, spread over the surface of the 
earth. ‘This coat, as it consists of loose materials, 
is easily washed away by the rains, and is conti- 
nually carried down by the rivers. into the sea. 
This effect is visible to every one; the earth is re- 
moved not only in the form of sand and gravel, but: 
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“ those of some rivers continually, and those of all 


occasionally, that is, when they are flooded or 
swollen with rains. ‘The quantity of earth thus 
carried down, varies according to circumstances; 
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*“‘ water of a river in a flood, contains earthy matter 


suspended in it,, amounting to more than the two 
*‘ hundred and fittieth part of its own bulk. The 
* soil, therefore, is continually diminished, its parts 
being transported from higher to lower levels, 
and finally delivered into the sea. But it is a fact, 
that the soil, notwithstanding, remains the same in 
quantity, or at least nearly the same, and must have 
done so, ever since the earth was the receptacle of 
animal or vegetable life. The soil, therefore, is 
augmented from other causes, just as much, at an 
average, as it is diminished by that now mentioned; 
and this augmentation evidently can proceed from 
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sion made for preserving the soil, or the coat of ~ 


its finer particles suspended in the waters, tinge 


it has been computed, in some instances, that the — 
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“nothing but the constant and slow disintegration of 
“ the rocks. In the permanence, therefore, of a coat 
“ of vegetable mould on the surface of the earth, we 
“have a demonstrative proof of the contmual de- 
“ struction of the rocks; and cannot but admire the 
“ skill, with which the powers of the many chemical 
“and mechanical agents employed in this compli: 
“ cated work, are so adjusted, as to make the sapply , 
“and the waste of the soil exactly equal to one an- 
“other.” +. | 


111. Here Mr. Playfair has forgotten what he had 
said in his $101, which, in my § 102, I referred to 
future notice. “In other instances,” he had there 
asserted, ‘the same strata are seen on both the 
“ banks, though the bed of the river is now sunk 
-“ deep between them, and perhaps holds as winding 
“a course through the solid rock, as if it flowed 
“ along the surface; a proof that it must have begu 
“ to sink its bed, when it ran through such loose ma= 
_“ terials as opposed but a very inconsiderable re- 
“‘ sistance to its stream.” ‘The river, then, when. it 
“ began’ to flow, found “ loose materials’ on the 
surface of the ground; now what is a coat of vegeta- 
ble mould, but a ‘ soil” composed of ‘ loose mate- 
“rials?” And in what abundance, and to how great 
a depth, do we not find such soils on the greater part 
ef our continents? 


112. Such was.the objection which I had already 
opposed, but more in detail, to this idea of Dr. Hut- 
_ ton, in the second of my Letters, Mr. Piaytair, how- 
: ~ eer 
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ever, it seems, had as little noticed it, as he had re- 
membered his own passage cited above; his object 
then was to explain in what ‘way a river might have 
“a winding course through a solid rock,” by the 
supposition that it had itself “‘ sunk its bed” in loose 
strata; forgetting that he should soon have occasion’ 
to ascribe the formation of loose strata to the ri- 
vers. He would find it difficult, under this last. point 
of view, to show the equal proportion, which he 
supposes between the “ waste of the soil,” occa- 
sioned by the transportation of its parts along the 
course of waters, and its “ supply,” proceeding from 
the “ disintegration of the rocks” in those vast tracts 
of land, where no rock is discovered, at whatsoever 
depth the ground may be searched, whether upon the 
hills, or in the vales. In thus assigning.a final cause 
to these pretended effects, Mr. Playfair has forgotten. 
the precepts of Bacon, notwithstanding the high esti- 
mation in which he professes to hold them. ‘That 
true philosopher strongly recommended to naturalists | 
not to recur to final causes, till natural history and 
natural philosophy should be sufficiently advanced, 
to afford a well-grounded hope that the effects, now 
ascribed to certain causes, might not hereafter be . 
shown to have no connection with them; for, when 
that happens, the scepticism of those, who deny the 
existence of final causes, is confirmed. I shall not 
then dwell on final causes, since we are now ‘treat- 
ing only of the immediate objects of natural history 
and natural philosophy, and consequently physical 
causes alone must engage our attention; but I shall 
allow myself to observe that the wisdom is more evi- 
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dent of an arrangement, by which the continents, 
from the first moment of their existence, should have 
been supplied with a soil, originally adapted to the 
immediate purposes of vegetation, than of a plan, 
which would have required a considerable period of 
time after the birth of the continents, for the produc- 
tion of that soil; and in which the continual trans- 
portation of the materials of their surface to the sea 
is intended ultimately to “destroy” them, in order. 
that, like the phcenix, new continents may arise from 
their ashes, ! 


113. I have now followed Mr. Playfair in every 
thing that he has said relatively to the general opera- 
tion of the sea and of running waters on our 
continents, since the period of their first existence; 
objects which, independently on thelr connection 
with Dr. Hutton’s theory, and indeed with geo- 
logy, are highly interesting with respect to natural 
history. It did not enter into Mr. Playfair’s plan to 
examine my opinions on these objects, for he does 
not even refer to them; though it is by the discussion — 
of different opinions that we arrive most easily at the 
truth; and this consideration has induced me to ex- 
amine his system, in order thus to bring forward cer- 
tain precise points, the decision of which must de- 
spend on the verification of the facts that relate to 
them; whence those facts may be more. noticed, 
when presented in my travels. But several other 
points of importance in geology remain to be dis- 
cussed, on which I\shall continue to take Mr. Play- ’ 
fair’s work as mytext. A very essential one occurs 

| ats) 


108 


in his $112, where he reverts to his favourite hypo- 
thesis, that the ezzstence of vallies is to be ascribed 
to the action of running waters; reproducing this 
opinion under such a form, as will for some time 
engage our attention. 3 


‘ Many more arguments,” he says, “ all leading 
~ to the same conclusion, may be deduced from the 


* veneral facts, known in the natural history of moun- - 


“tains; and, if the oreologist would trace back the 
“progress of waste, till he come in sight of that 
“ original structure, of which the remains are still 
‘so vast, he perceives an immense mass of solid 
“ rock, naked and unshapely, as it first emerged from 
‘the deep, and incomparably greater: than all that 
*‘is now before him. The operation of rains and 


» 


“< gorrents, modified by the hardness and tenacity of . 


“the rock, has worked the whole into its present 
“form; has hollowed out the valies, and gradually 
detached the mountains from the general sass, 
‘ cutting down their sides into steep precipices, at one 
‘ place, and smoothing them into gentle declivities 
“at another. From this has resulted a transporta- 
“ tion of materials, which, both for the quantity of 
“the whole, and the magnitude of the individual 
“ fragments, must seem ipemedible to every one, who 
“ has not learned to calculate the effects of continued 
hoghae, and to reflect, that /ength of time can con- 


“ vert accidental into steady causes. Hence frag- 


“ ments of rock, from the central chain, are found to 
“ have travelled into distant valles, even where many 
“inferior ridges intervene: hence the granite of 
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“ Mont Blanc is seen in the plains of Lombardy, or 
“‘ on the sides of Jura; and the ruins of the Carpa- 
** thian mountains lie scattered over the shores of the 

“* Baltic.” : y 
114. This is a second instance, in which Mr. Play- 
fair seems to have had an intention to obviate an 
objection of mine, without expressly mentioning it. 
The singular phenomenon of blocks of granite and 
other primordial “ fragments of rock” being scattered 
in such abundance on some parts of the continents, 
so far from every mountain of their kind, is one of 
the most remarkable monuments of those causes, 
which, in former times, have acted on our globe; 
and no theory of the earth, which does not satisfac- 
torily account for that phenomenon, can merit any 
confidence. When I wrote my first geological work, 
all the naturalists who had noticed these blocks had 
attributed their dispersion over the surface of the 
continents to the action of running waters. I com- 
bated this opinion by several arguments, and among 
others I adduced the.following: viz. that ridges of 
mountains and hills, altogether foreign from the na- 
ture of these fragments, zntervene between the places 
where they are dispersed, and every other mountain 
of their class. Mr. Playfair does not directly bring 
forward this objection, but he evidently has it in 
view, when he observes, that, owing to “ the effects 
“of continued action,” and to the operation of 
“time,” which “ can convert accidental into steady 
‘‘ causes, the granite of Mont Blanc is seen’ in the 
plains of Lombardy, or on the sides of Jura, and 
| ** the 
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* the ruins of the Carpathian mountains lie scattered 
<6 over the shores of the Baltic,” Hedberg the | 
“many inferior ridges” which “ zntervene.” 


115.-Those who are unacquainted at the Hut- 

tonian theory will not readily comprehend the posst- 
bility of such a migration ; yet it is the only system 
in which it has been attempted, with any appearance 
of adequate means, to account for the transportation — 
of these fragments of rock to the places where they — 
are found at present, notwithstanding the ridges of 
‘mountains which “ intervene.” ‘These means are 
indicated in the passage just cited; but many pre- 
vious points must be considered, Leni we can pro- 
ceed with advantage to the discussion of Mr. Play- 
fair’s explanation of that great phenomenon. To 
this system of “ waste” occasioned by running waters, 
of which the vallies, more particularly, are imagined 
to be the effects, I had, in my Letters to Dr. Hutton, 
opposed the Jakes, which are observed on the course 
of the principal rivers that issue from the Alps. 
Here then was a new impediment to the “ transpor-) 
tation,” not only of large “ fragments of tock,” 
but of every other kind of detritus of the mountains. 
Dr. Hutton had undertaken, in his second work, to 
remove this objection ; and he has been supported in 
his attempt by Mr. Playfair.. For the present, there- 
fore, we must postpone the consideration’ of the 
blocks of granite, since this new subject will lead us 
into the most spacious field of monuments which the 
surface of the earth presents, wherein all known phy- 
sical causes will be brought into action. 
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116. Mr. Playfair treats this subject in his six- 
teenth note; but again without mentioning the ob- 
jections which I had made, and appearing only to 


speak generally of lakes, as of a phenomenon of the 


earth. He begins by indicating traces of the former 
existence of some lakes which, having been filled up . 
by the gravel and alluvial earth brought down. by 
rivers, are now converted into horizontal meadows, 
through which these rivers flow. That there are such 
meadows cannot be disputed; and although: Mr. 


_ Playfair appears to me to exaggerate their number, 


IT shall not dwell on this subject, because the lakes 
which still exist form the object. of our. present dis- 
cussion. After having introduced the subject. of 
lakes under this point of view, he thus proceeds, 
ao p03 3 i 


_* From this gradual change of lakes into rivers, 
it follows, that a lake is but a temporary and 
accidental condition of a river, which is every day 
approaching to its termination ; and the truth of 
' this is attested, not only by the lakes that have. 
existed, but also by those that continue to exist. 
Where any considerable stream enters a lake, a 
* flat meadow is usually observed increasing from 
* year to year... The soil of this meadow is disposed — 
in horizontal strata: the meadow is terminated by 
a marsh ; which marsh is acquiring solidity, and 
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— .£© 43 soon to be converted into a meadow, as the mea- 


4§ dow will be into an arable field. . All this while the 


sediment of the river makes its way slowly into 


** the lake, forming a mound or bank under the sur-,, 
Pee Be “ face: 
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face of the water, with a pretty rapid slope toward 
the lake.’ This mound increases by the addition 
of new earth, sand, and gravel, poured in over the 
slope; and thus the progress of goa wks conti- 
nually advances.” 
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117. This is a very correct description of what. 
takes place at the spot where a river flows into a 
lake ; and Mr. Playfair refers us to that assemblage 
of aoe which adorns the mountain scenery of West-_ 
moreland and Cumberland, where he says that the 
progress of these operations may easily be traced. 
T shall have occasion hereafter to advert to a parti= _ 
cular circurnstance in this description ; but, + for the 
present, it is necessary to proceed to the point, to 
which Mr. Playfair desires to lead us, p. 359... ~~ 


© The larger lakes,” he says,“ exemplify the same 


Geneva, the beach has been observed to receive an. 
_annual increase ; and the Portus Valesi#,; now 
Prevallais, which is at present half a league from 
the lake, was formerly close upon its bani. In- 
deed, the sediments of the Rhone appear clearly’ 
to have formed the valley through’ which it runs, 
to a distance of about three leagues at least from 
“* the place where the river now digellarses itself into 
“ the lake. - The ground there is perfecth ly horizontal, 
** composed of ee and mud, little raised «above the 
* level of the river, and full of marshes. ‘The dispo= 
** sition made by the Rhone after it enters the lake, 
_& is visible to the eye ; and may be seen falling down 
« in clouds to the bottom.” 
118, This 


progress. Where the Rhone enters the lake of a 
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118. This very. essential point is introduced with 
~ lgreat accuracy.. The lake of Geneva: was one of 
those which I had in view in my I etters to Dr. Hut- 
ton, and the mention of it was indispensable. ‘The 
other instances adduced by Mr. Playfair. are some 
lakes of North America, while at the same time he 
-yemarks, that the annual increase is there much less 
considerable than in those of the Alps; ‘‘ as the rivers 
‘¢ which supply these vast reservoirs are none of them 
“‘ very great.” He then returns to his general sub- 


“ Tn order to give uniform declivities to the rivers, 
the lakes must not only be filled up or drained, 
but the cataract, wherever there is one, must be 
‘ worn away. The latter is an operation in all cases 
visible. The stream, as it precipitates itself over 
the rocks, hurries along with it, not only sand and 
gravel, but occasionally large stones, which grind 
‘and wear down the rock with a force proportioned 
to their magnitude and acceleration.’ 
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119, Thus far I perfectly agree with Mr. Playfair; 
and I shall dwell for a moment on the consequence 
of this operation. It is certain, and I had myself 


' . remarked. it, that when the rain waters began to 


assemble in torrents among mountains, they found 
in their course abrupt sections of rocks, whence they 
precipitated themselves in cataracts ; as also cavities, 
which they must have filled up with such materials as 
they were carrying along with them, before they could. 
convey farther any portion of these ‘materials, This 
| ‘ 2yordeg 9s indeed 
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indeed) Mr.:Playiair acknowledges ; but hére he! for=— 

“pets what I vemarked (97. a.) that. he had>founded 
his théory' of! the hollowin mon of valliess by the slow 
“bat long “continued action” ofthe: sunning waters, 
oon the’ eireamstance that! all of.them together: Giton 


Sm oar sy stony of ‘vallies' communicating with ene ano- 


- 


“ ther, Jando having sucha mice adjustment. 6f their 
 declovities, that nonevof them goin the principal 
* alleys either on too high or too low'alewel.” After 
jioting this passage, H Phseitvedt that. Mr: Playfair 
had very ¢ correctly stated what ought to be the case, 
in order to Peake it appear prebable that “ all vallies 
—* were thé work of the streams that flawed in them ;” 


but thatthe had forgotten ‘what ought to be; when ‘he 


came: to.support his opinion by-actual facets ;.:for all 
“the cataracts, \whieln have-fallen;. and.are still falling, 
down the sides of the »principal: vallies, manifestly 


. show thatisome daterat calley hud yomed them on too 
> figh @ level; and -all:the!cavities, » which ave filled. 
“4p by water, or alluviabearth, make it no less evi- 


dent that streams ‘had there yjeined them on too low a 
jevel. Here then we have original inequalities stilk 
existing ja vallies, whieho running waters, far'from 
having produced the vallies theinselves, have had a 
tendency to efface: buty even supposing; that these 
inequalities. should ‘have altogether vanished,. these 
effects, from the tracesleft. behind ithem, would 
be perfectly distinct from the formation of »vallies. 
Mr. Playfatr’s. opinion, therefore, that these. inequa- 


~ jities are tending to be effaced, has “no: connegtion 


with the system iat the. yadlies have. been thus: pro- 
duced.;:and it‘is under this point of 1 view that I seus 
examine the following passage, § 328. 
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‘<The smooth surface of the rocks in all waterfalls; 
** their rounded surface, and, curious. excavations; 
“ are the most satisfactory proofs of the Constant 
** attrition which they endure ; and, where the rocks 
* are deeply intersected, these marks often reach to 
“a great height above the level on which the water 
“ now flows. The phenomena, in such instances, 
are among the ar guments est calculated to re- 
“ move all incredulity ecting the waste which 
‘‘ rivers have produced, ant are Pec ntseesiea to pro- 
“ duce... They suffer no- doubt to remain, eethn 
“ height and asperity of every waterfall are’ conti- 
“ nually diminishing ;\ that innumerable cataracts 
“are entirely obliterated ; that those which remain 
“are verging toward the same end; and that the 
falls of “Montmorenci and Niagara must ultimately 
‘i neendiqahe 18 Ws 
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190. It is aa that this is quite unconnected 
with any proof that running waters have produced 
the vallies by erosion of the land; we are told only 
that “ constant attrition” wears away the original 
“asperity’ ofthe rock. But is this operation really 
carried on, in the manner described by Mr. Playfair? 
“By no means ; and he might have seen, in my second 
Letter to Dr. Hutton, that numerous waterfalls have 
been obliterated, and are tending to obliteration, not 
by the erosion of the rocks, but by the accumulation 
of the materials brought down by torrents, under the 
form of sémi-cones. And with regard to waterfalls, 
which do not propel large abort ts of stone; -after 
se have once rounded the edge of the rack, they are 
, i 2 $0 
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30 far from wearing it down, that they flow only over 
the. moss; which they permit to grow upon it; a casé 
which I have observed in numerous:instances, and 
particularly 1 in the tall of the /be, near its source, 
in the Giant's Mountaias.' In the letter above-men- 
tioned, I introduced the description given by M.- 
RAMOND DE CHARBONNIERE of the fall of the 
Adour at 'Trames-Aigues, im the Pyrenees, which, as: 
he observes, has ‘* laid aside its ancient fury,” and. 
sufters vegetation to spread nearer amd nearer to its 
course nr every part. After this digression on the 
subjeet of waterfalls, which has evidently no favour- 
able connection with the hypothesis of the productior 
ot vallies by running waters, Mr. Playfair returns: 
to the lghes, and thus ives : 


Though fren: can be no doubt of the justness 


*“ of the preceding conclusions, when applied te: 
‘< lakes in general, some! dpparént exceptions oecur, 


in whieh the progress of draining and filling up 
seems to have been suspended, or evento have gone. 
in a contrary direction. Blesé eveeptions eonsist 
of the lakes which appear to-have- received a greater 
guantity of materials than was sufficient to hace. 
“ piled them up. Stich, for example, is the lake of — 
 Geneca, which ‘receives the Rhone descending: 
irom the Fallas, one of the dee pest ‘and longest 
* vadlies om the surface of thé easth. | Now, if this 
valley, or even a large proportion of it, had bee 
“ exewoated by the Rhone itself, as our theory leads 
“us to suppose, the lake ought to have been entirely 
filled up; vecause pe pease brought down by 
: 64 the: 
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the. river seem: to) be much greatersthan the lake, 
“*~onany| reasonable supposition .concerhing its ori- 
“« sinal magnitude can possibly have received. What, 
vif ‘then. | it'may be said, has become of all that the 
“ Rhoneyhas) brought dawn’ and. depesited: im it? 
-“¢ The lake, at this moment,-retains, im,some places, 
the depth ef more: than; 1000 fects! and: yet, of all 
“that the Rhone carries into it; nothing butrthe pure 
“Siwatersissnes: «If itvhasi-been continuing to dimi- 
ff nish, both ia superficial:extent, and in depth, from 
»‘‘ the tine when the Rhone began torun into it, what 
op must haveobeén its original dimensions? 1 cannot 
-o{-pretend to-remove entirely the dificulty which is 
es here:stated; yet I think the eb remarks may 
89) HH length 4 in dein so.” 0 
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& Mata “We come at edenptl to the oritidad point of 
| the question, which, as far as relates to its nature, ‘is 
wery correctly stated by Mr.'Playfair; although, in 
“Some respects, the “ difficulty” is net brought forward 
emits full foree, as I propose hereafter to'show: bat — 
_ here a more essential remark’ presents itself. \ Itis 
merely as an “‘ exception” that he speaks of the lake 
of Geneva’; it was, therefore, incumbent on him to 
prove in what way it formed an) exception to every 
other phenomenon that was’ observed of the kind. 
-He. himself) acknowledges that he “cannot pretend 
{6 to remove entir ely the difficulty ;” but is this a case, 
where we ought to rest satisfied with attempts alone? 

a case, where it is sufficient to make a few “ remarks,” 
which may go some length only towards removing the 
abjection’ ‘This’ is an important question, on which I 
must 
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must dwell; before I proceed to notice the manner | 
“i bros up _— nto ge “ Seer to pRinaate it. 
129, thn aay: List grological satay i had valcBatty 
spss theactual existence of lakes to: every theory 
of the earth,:which ‘assumed the formation of valliés 
by: runningswaters; an hypothesis always found asso- 
‘elated with some other; to which itiis! intended as a 
‘support: In itself, therefore. this forms-a' very im- | 
apoatght point in geological sciences: butin’ Dr. Hut- 
ton’s theory,’ espectally, ats a»point of athe’ highest 
‘consequence:\\? His: fundamental objectvis. to prove 
“that: our resent continents: are undergoing destruc- 
tion, imorder to supply the ocean:withithe materials 
of future continents.o2'This‘is: the webyxt? law ‘of 
‘* changes,” which, according to Mr. Playfair, should 
be: the; only object of the geologist... So’ strange a 
proposition gught to be established with all the evi- 
dence that facts are ¢apable of affording, before geo- 
slogists should submit to such a decisiom;,:and: this 
swe must always bear in mind, during.ourexamination 
20f {Dry eihaaneaiede ek ) lotuseko s10m © oat 
el ote toe Oi payer 
123, The only Sonata sae fn ‘tes “ lava of 
changes,” as applied to an alternation of conti-— 
ments. on our globe,. is, the -hypothesis) that these, 
hwhich we now occupy, are suffering, destruction, in 
order to supply the ocean with the materials,of others 
which are ta succeed them. | For this purpose; itus 
assumed that all our present mountains were formerly 
continuous masses, of a much greater magnitude 
and elevation than rey now aoa f and that; by 
the 
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theaction of running waters,’ theyihave tbean divided 
anto ridges, between which: ate’ found:the: chasms 
_ galled: watlies:>; Phas): indeed, 4s! the opinion: of all 
those,. who have ascribedsthe:formation‘of vallies to 
a similar action; but in the Huttonian theory it is 
an absolute requisité; dvid-we havevalready seen 
Mr. Playfain expressing himself to.this effect, where 
he supposes,that the materials, which are missing in 
those vacant spaces, have been gradually.transported 
from higher: to: lowér levels; and finally delivered into 
tlie sea} there to: form those mineral strata, destined 
to -beceme’ new ‘continents... In my Letterssto, Dr. 
Hutten,, I.had\opposed to the whole ofthat system 
the €avities - ofthe dakes,;which. stilh exist alorig the 
courses! of so meny rivers, and more’ particularly on 
thoselof (the principal |streams) which issue; fromthe 
“Alps s:\eavities which arust havebeen filled ag, afithe 
wallies invhich nicer's flow, had. xeally beemeacaoated 
by arts viev veut ods! silt “lsysis priors ao °’ 
Tea * aTete Sa T9185 " 1st to m% ad sven nt baeor 
“124. Ido: 'nét) believe, that a. strongerand more 
peremptory objection can be ddduerdengainst: any 
hypothesis;.-and it is evident that, the theory must 
fall, unless this objection be no Jess :peremptorily re- 
moved. Such. a task: was indispensably. incumbent 
on Mr. Playfair; yet, in the passage Jast cited, we 
-have seen him «decline the attempt, and content him- 
self, as if it avere.a point of very little consequence, 
- with offering “ remarks, which way go.some length” 
only towards obviating the “ difficulty :” to remove it 
sentinels he acknowledges his wa, Incompetency ; ; 
ead thee his efforts, so far as they go, are inno degree 
successful, 
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successful, I»shall now procecd to prove; not sa 
much because I think it necessary, as because the 
objects, which will present themselves by the way, 
are wi an interesting nature, | 


fs hi is certain,” says Mr. Playfair; * that from 
the present state of the lake of Geneva, and of 


' the ground round it, we can hardly draw any in- 
ference as to its original dimensions. Saussure 
‘ has traced, with his usual skill; the marks of the 


course of the Rhone, on a level greatly above the 


‘ present; and, by observations on the side. of Mount — 


Saleve, has found proofs of the running of water, 


at least 200 toises above the present superficies of 


the lake. But, if ever the superficies of the lake 


‘ ‘stood at this height, or at this height nearly, though 


we can conjecture but little concerning the state 


of the adjacent country, which no doubt was also 


on a higher level, the lake may very well be sup- 


posed to have been of far greater dimensions than. 
it isnow, Itmay have occupied the whole space _ 


from Jura to Saleve, and included the lake of 
Neufchatel ; so that it may have’ been of magni- 


tude sufficient to receive the spoils of the Vallais, 
‘ which, as the surface of its waters lowered, may 


x 


have been washed away, and carried down to the 


sea. ‘Thus it may have afforded a temporary re- 
ceptacle for the debris of the Alps, and may have 


served for an entrepot, as it were, where’ those 
‘ debris were deposited, before they were carried to 
the piace of their ultimate destination.” 


195. Such 
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195, ‘Such is Mr. Playfair's first'attempt to “re- 
«« move the difficulty ;”: and. his hypothesis appears 
to have some facts to support it; but at the very out- 
set he has fallen intoya mistake; because! he is not so 
well acquainted as: am with the:spots which: he 
describes.. ‘* It‘is certain,” he says, “ that, from the 
«< present state of the lake of Geneva, we can hardly 
© draw any inference as to its original: dimensions?’ 
Now the contrary of this is: ‘certain; and he has 
himself introduced. a circumstance, which will enable 
us tovascertain | “its original dimensions” withthe 
greatest precision. “The sediments of the: Rhone,” 
he had justly observed, “ appear clearly to -have 
** formed the val/ey through which it runs, to a dis- 
“ tance of about three leagues at least’ from! the 
‘* lace where the river. now discharges: itself into the 
lake. The ground there is perfectly horizontal, - 
- composed of sand and mud, little raised above the 
“ level of the river, and full of marshes.” The 
alluvial land of rivers, deposited at the entrance of 
lakes, points out, in the most irrefragable manner, 
the original level of their water, and very accurately 
detehmines their first dimensions. When the level éf 
a lake has sunk, in consequence of spontaneous or 
artificial draining} ‘the alluvial land, which had: been 
deposited, is found to be higher than its surface ; and 
Mr. Playfair adduces an instance of this in the alluvial 
land, which has divided a lake in Cumberland, ‘and 
‘* is at present twelve or fifteen feet at least above 
the level of the water” on each side; a circum- 
stance which he ascribes to “a quantity of water of 
that depth having been drawn off by the deepening 
« of 
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“of thelissue/at/Ouse-Bridgél”.1| “The level, ‘there- 
fore, cof the: Lake:of Geneva has not sunk,’ smeeithe 
alluvial dand ‘of the Rhone at its! entrance is ‘little 

4 naised’s abovecits actual :level.:: Its 'f* original di- 
é‘ mensions’ care;dlso/at the same time determined, 
hy theispace which-it at present occupies, -ancluding 
Math it:the,aboye mew. land! of the Rhone, and ail 
*suchias have! been formed: by the-othbr streamswhich 
aligcharye, themiselves ‘into it}: since nothing ‘ean: be 
- ghege distinct than the nature of those alluvial soils 
domi that of-every other ground) the vicinity of the 
ake, andy! pido like the. hr souls are: $f 3 
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6 1126.Mas ‘Playfair was ledito form tN above hy- 


| sia umistake of M..deiSaussure, who ima- _ 


.pined. that he had. perceived traces,of a current’ “ 0 

the sidé.of Mount Saléve,.900,toises above the sti- 
 perficies ofthe lake.” \If, what he observed were 
‘traces of a current, they were not;those of thé level 
ofvacluke, the waters of which have no perceptible 
yCureent.; Neither was it of the lake that M. de 
sBaueabre! was Speaking, but of areal current, of that 
‘which he called ‘the débacle;, by which expression’ he 
ameant nothing less than the xetreat of the sea. from 
ithe surface of our continents, when at took possession 
‘of .its,present bed. .. But he, was. mistaken when he 
‘fimagined that he saw any effects of that great’ cur- 
ent on the side of Mont Saléve.,,.I shave. “alii ob- 
_ served, the excavations of which,he,speaks, and have 
spereeived: 10 HAS a very. different phenomenon, 
td 
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frequently to be noticed in the abrupt faces of calca~ 
reous mountains, which I shall here describe... 


» 197. The phenomenon, of :which I am speaking, 
clearly indicates the cause ofall: abrupt’ faces: of 

“mountains, both on the sides of the vallies,: and to- 
wards the plains, viz.ifractures of the» strata,’ suc- 

ek: by partial. subsidences of the: separated mas- 

ses. The interval between-Mont Jura and the op- 

a mountains, (one of which is Saléve,) a tract 

-of ‘country in which is comprised’ the’ basin: of ' the 
‘lake, was produced by a considerable subsidence ; 
‘on each side of which the masses of strata, remain- 
ing ona higher level, formed those mountains, where 

they/are now found in. the ‘greatest disorder. That 

anass/ofistrata, in particular, ofwhich Mont Saléve 
is composed, is abrupt'and‘precipitous-where it fronts 
‘the lake, while the strata descend rapidly on’the op- 
posite.side; it has, moreover, a: fracturé across its 
breadth; forming.a dale; in which.is situated a vil- 
lage called Monstier. By this fracture, Mont Saléve 
is divided into: two parts, which bear the names of 

-Great and Little Saléve. ‘The strata of. the: latter 

‘are much inclined, in the direction of the length of 

the. mass, towards. the valley in’ which runs the 
Arce. “Now, during, the: catastrophe ‘of ‘the. great 
‘subsidence of the strata on the side of the lake, two 
‘strata, at different heights,-on this: face of Little | 
*Saléve, having been fractured farther inward than 
the others, left cavities between them, in ‘their - 

fall towards that space;»and thus were formed two 

galleries as it. were, one above'the other, which are 

nite called 
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-ealled. Les Voutes.' These pollcciessa are what M. de 

Saussure termed the furrows of the débacle. But, 
besides that the cause which I have just assigned to 
thein is very Visible, and that I have seen many of a 
isimilar nature on the abrupt faces of other calcareous 
-mountains, these galleries have a gradual descent, in 
-a: direction opposite to that of the course held naa the 
deviate when it issued trom the Alpine vallies. . 


4 “408. “hpi to suppose, the ca of this Talend a 
Have stood “200 toises above its present superfi- 
eles,” ewould answer but very imperfectly the end 
-propesed; although, indeed, on that. snpposition, it 
ewould; have comprised the three lakes of Neuchatel, - 
sdforat,.and Benne. For Mr. Playfair was mistaken, 
owhen, in order to calculate the quantity of materials, 
ewhich the Rhone, ‘af it had excavated its own chan- 
-gel,, should have brought down. into this, space,» he 
confined his attention to the valley where its main 
Stream flows. | He knows, indeed, that large rivers 
doinot. “consist of a single stream,” but, that they 
tare, ‘‘ divided into many branches, which are again 
«subdivided into an infinity of smaller ramifica- 
)* tions 3” and, with me, he has considered all these 
-as holding their course through a “ system of vallies.” 
jNow,in ‘this case, he might have applied tothe 
whole: “ system” what he had said of the principal 
ovalléy, that it is “ one of the deepest and longest on _ 
the surface of the earth.” ‘This, therefore, ought 
not to haye escaped his attention. Moreover, the 
“Rhone is no douht the largest of the rivers which flow 
om that ae vine it is not the only one, since many 
others 
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others traverse it, issuing from the very large vallies 
of Jura and of the Alps; so that an elevation ef 
‘* 200 toises above its present level” would really 
bear but very little proportion to the increase of va- 
cancies in that immense system of wallies. 


129. Lastly, the notion of a “ temporary recep- 
* tacle fer the debris of the Alps, which, as the lake’s 
“ surface lowered, may have been washed away, and 
“ carried down to the sea,” is perfectly inconsistent, 
with what Mr. Playfair himself says of the nature of 
alluvial land. He first maagmes the basin of the 
“Take to have been filled up with these debris, ‘to’the 
“height of 200 toises above its present level; now im 
‘what state, by his own account, would’ such a soit 
‘be? We have seen him thus describing it: “ Where 
“ any considerable stream enters a lake, a flat mea- 
‘dow is usually observed incteasing from year to 
-“vear. ‘Fhe soil of this meadow is disposed 2a ho- 
*rizontal strata: the meadow is termitated by v2 
“marsh; which marsh is acquirimg solidity, ‘and: is. 
*“ soon to be converted into a meadow, as the mea- 
“ dow will be into an arable field’) Such, indeed, is 
the alluvial land of the Rhone, at the entrance of the 
‘lake. Supposing then this alluvial land to have been 
originally formed at a level more clevated by 200 
“toises, and, im the lapse of millions of years er 
‘ages, to have spread gradually, at the same height, 
so far'as to have filled vp the whole basin, what would 
have taken place, if the Rhone had afterwards low- 
ered itself to its present level? That which always 
takes place, when rivers are forming their alluvial’ 
oe | : land, 
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land, if, by.any spontaneous or artificial cause, their 
level sinks;) it would have preserved, through the 
whole space, a channel proportioned to its volume; 
and, to use Mr. Playfair’s own expression, the lake _ 
would have been “ changed into a river,” which 
then, in lowering its bed, would have simply formed 
slopes on its banks, similar to those which I have 
described; all the rest of the space would have con- - 
tinued in a fixed state, and the other streams which 
passed through it would in like manner have pre- 
served their respective channels. | 


130. It thus. appears that in all this display of 
means, for presenting the phenomena of the Lake of 
Geneva as an “ exception” to what Mr. Playfair 
considers as a general case, there is nothing tending 
to ‘remove the difficulty,” the reality of which he 
has himself acknowledged; the lake remains in every 
respect the same as other lakes, exhibiting chrono- 
meters at the mouths of all the rivers which enter it; 
and it should seem that he had particularly avoided | 
all notice of that chronometer, which he himself could 
not refuse to admit, when describing the “‘ horizon- 
_ tal ground, three leagues’ in extent, commencing 
from the spot.where the Rhone discharges its waters; 
and including the ancient. Portus Valesi, which, 
having formerly stood on the margin of the lake, is 
now at “half a league’s” distance from it. . But 
Mr. Playfair himself has no great reliance on these 
means; and that for areason, which he afterwards 
proceeds to mention, $325. 


“ But 
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> But the great depth,” “he says; ‘ which the faké 
“hasivat’ presents stillremains to be explained) be- 
“* cause no mudor-gravel ‘could> bejcarried beyond 
“the gulf; of a thousand feet deep, which was here 
ready to receive it. The realityof' this difficulty 
“* must be.acknowledged; and some cause seems to act, 
“if not in the generation, yet certainly in the pre- 
“ servation of lakes, with which we are but Little 
“acquainted. We can indeed anagine some causes 
“ of that kind to oecur in the course of the degrada- 
-“ tien of the land, which may produce new lakes, 
“ or increase the dimensions of:the old. ‘The wear- 
“ing away of a stratum, or body of strata, may 
“Jay bare, and render accessible to the water, 
“some beds of mineral substances soluble in that 
“ fluid. © The: district; for instanee, in Cheshire, 
*‘ which contains rock-satt, extends over a tract of 
“ fourteen or fifteen miles, and is covered by a thick 
“stratum of clay, more or less indurated, which dé- 
“fends the salt from the water at the surface, and 
“preserves the whole mass in a state of dryness. 
** Should this covering be broken oper by any nata- 
“ral convulsion, or should it be worn away, as it 
** must be in the progress of the general detritus, the 
* water would gaim admission to the satine stratt, 
* would gradually dissolve them, and form of course 
‘a very deep and extensive lake, where all was. be- 
“ fore dry land. This event is not only possible, bat 
‘it should seem, that im the course of things it must 
“ necessarily happen. thepio | ' 
“Something of this kind may have taken place in ‘ 

, aioe *¢ the, 
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“the ¢rack of the Rhone, and may have produced 
“the Leman Lake. It is not impossible, that, at 4 
‘« very remote period, the Rhone descended from the 
Alps without forming any lake, or at least:any lake 
“of which the remains are now ewisting';) ard this . 
“ supposition, which is more probable than that of - 
“ $324, we shall soon find to be conformable to ap- 
‘‘ pearances of another kind. ‘The river may have 
“worn away the secondary limestone strata overt 
- which it took its course after it left the schistus of 
“ the mountains; and, in doing so, may have reached. 
“ some stratum of a saline nature, and this being 
washed out, may have left behind it a Jake, which 
“is but modern compared with many of the revolu- 
“tions that have happened on the surface of the 
‘earth. (Note.—There are salt springs at Bex, 
“near Aigle, about ten miles from the head of the 
‘lake: saline strata, therefore, are probably at no 
“ oreat distance.) 


“This explanation is no doubt hypothetical; but 
‘it is proposed in one of those cases, in which hy- 
‘* pothetical reasonings are warranted by the strictest 
‘rules of philosophical investigation. It is proposed 
‘in a case, where the causes visible to man seem-in- 
‘‘ adequate to the effect, and where we must there- 
<‘ fore have recourse to an agent that is invisible. Uf 
“the. operations ascribed. to this agent are conform- 


“able to the analogy of nature, it is all that can 27 
_“ reason be required.” 


131. And here I stop in-the quotation; for’ Mr. 
Playfair 


ek 
- Playfair, who could scarcely hope that this accoutit 
of the phenomenon would be easily received, pro- 
ceeds to make other attempts towards explaining the. 
“< difficulty,” by which we shall be led to @ hew ahd 
_ very extensive field; and into that wé cannot conve- ~ 
niently enter, till we shall have attentively examined 
his mode of conducting the present argumetit, which, 
he tells us, is “ warranted by the strictest rules of © 
“« philosophical investigation.” I feel no hesitation 
intaking Mr. Playfair himself fot a judge, if he be 
willing for a moment to forget the interest which he 
naturally takes in his friend’s theory; for Ido not 
doubt that he will then see to what these “rules” 
really lead; surely not to speculations, when such 
facts may be consulted, as I am now about to state.. 


132. Dr. Hutton’s theory, considered only in those 
points on which it agrees with many others, assumes 
that the ridges of mountains have been cut out from 
a mass, originally continuous; and that it is only by 
the slow erosion of running waters that the vallies, 
which separate these ridges, have been excavated. 
We have seen what Mr. Playfair has said-on this 
subject. Such an operation might, perhaps, have 
required millions of years; but this is not considered 
as forming any objection, since the past is inexhaus- 
tible. Te o the above hypothesis I have not, therefore, 
opposed the length of time, but positive facts; by 
some of. which I have shown that the waters could 
not produce the effect ascribed to them, and by others 
that they actually have not produced it. Among 
these facts, some aré decisive in their kind; I mean’ 
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the /akes observed on the course of the great rivers 

issuing from the mountains, phenomena which fur- 

nish two distinct arguments against this hypothesis. 
In the first place, if the vallies had been hollowed out, 
by the waters which enter these lakes, the latter would. 
no longer exist as such, but would be, jilled up by the . 
materials brought down into them; and secondly, the, 
materials really brought down by those waters being. 
deposited in the lakes, their whole quantity is vuibten 
together with that vf their tcrease within a known 

period of time; and on comparing these two quanti- 

ties with each other, it becomes evident that zot ma- 

ny ages have elapsed, since the period at w hich the 
rivers, conveying these materials, began to flow.. 


133. Mr. Playfair himself remarks the progress of 
the alluvial land fermed by the Rhone at the entrance. 
of the Lake of Geneva; and when he would defend 
his hypothesis from the evident consequences of this, 
fact, how does he attempt it? Ee has recourse to an- 
other hypothesis; supposing tliat this lake forms an 
_ “exception,” and that its cavity has Ce produced by 
the dissolution of a “saline stratum.” Unless J am, 
much mistaken, a very different mode of proceeding- 
should have been prescribed by the “ rules of phi- 
. losophical investigation,” in a point of. so much 
importance in geology. Before an hypothetical ex- 
planation of any phenomenon can be admitted, it is 
necessary first to prove the existence of that pheno- 
menon, and then to show that it cannot be explained 
_ by. any. know n fact... Now, with regard to the for- 
mer. point, the phenomenon here announced i 18, itself 
8 _ only 
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only hypothetical ; it is supposed that the ioke: of 
Geneva forms an “ exception” to all other lakes; 
whereas it was necessary to prove that it did in. fact : 
form an “exception.” Instead, however, of at- 
tempting to demonstrate this, Mr. ‘Playfair contents 
himself with simply referring us to his theory. 
Speaking of the valley of the Rhone, he says, “ if - 
“this valley, or even a large proportion of it, had: 
“been excavated by the Rhone itself, as our theory 
“ Teads us to suppose, the lake ought to have been 
“entirely filled up.....1 cannot brefend to remove ert- 
* tirely the aicall which is here stated.” ‘Then, 
after making one attempt to thet effect, the conside- 
ration of the “sreat depth” of the lake brings him 
Again to “ arhawtethe the reality of this difiicalty,” 
ad to conjecture that “ some cause niust act, with 
“which we are but little acquainted.” But why 
should there be such a “ cause?” Because his 
“theory leads us to suppose” that it is the Rhone 
which has ‘ excavated the valley” in which it flows. 


134. Such is the mode of reasoning adopted by 
Mr. Playfair: he does not prove the Lakeof Gene- 
va to be an “exception” to other lakes, which vot 
the true “rules of philosophical investigation” w ould 
have required ; bat he supposes it, because such an 
assumption was necessary to his theory. Thus he 
thinks it allowable to hazard the comecture that there 
formerly existed a “ saline stratum” on the spot, the 
dimensiotis of whieh were 29 leagues in length, 8 in 
its. greatest breadth, and, in some places, from seven 
to zen hundred feet in depth; that it was subse- ‘ 
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_guently to the dissolution of this mass. that a deep 
and extensive Jake was formed, .an event * which is 
“but modern, compared with many of ‘the revolu- 
“ Jutions that have happened on the surface of the. 

“earth ;” and that the Rhone has only since that. 
event begun to accumulate the sediments found at 
the entrance of the lake; by | which hypothesis we 
inight indeed be enabled to trace back the commence- 
ment of that particular operation, .but. by no means 
to ascertain the epoch of the birth of our continents. 
This chronometer, then, is set aside, as applied to 
the latter period ; but with as little reason as. a per- 
gon would have, who, in a debate respecting the time 
of the day, should object to some particular clock, 
under the pretence that it was an evrception, and 
should attempt to assign a reason for its being too 
slow, while it was really keeping pace with all the 
other clocks of the country, and with the sun. This 
comparison is just; for, with regard to the commence- 
ment of the existence of our continents,. the chrono- 
meter mentioned by Mr. Playfair himself, at the en- 
trance of the Lake of Geneva, accords, not, only 
with every one of those found at the entrance of — 

other lakes, but with all the different kinds of chro- © 
nometers which I have pointed out along the courses _ 
of rivers, and on the coasts, and in general with every 
éffect which must have begun to take place on our 
continents at their dirth: all these chronometers 
agreeing in their evidence that our continents have 
not existed during gany great number of ages. , 
“435. Iam well assured that Mr, Playfair would 
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not have indulaed himself in such np ghan if the’ 
country around Geneva had been as familiar to him 
as itis to me: for he acknowledges that he has re- 
course to an ‘ ¢visible agent” for the production of 
this great cavity, only because he conceives that no 
“cause visible to man” is adequate to such an 
effect; now he could not have entertained this. no- 
tion, had he been acquainted, not only with the 
mountains which surround the lake, but with the 
vallies wnich terminate there, and indeed with the 
whole assemblage of the vallies and lakes of Jura 
and of the Alps. I shall even venture to affirm, 
that, if he were unbiassed by the theory which he 
defends, the accurate descriptions of the mountains 
which encircle these lakes, and border the vallies, 
contained in M. de Saussure’s Voyages dans les A pes, 
(a work which is known to him, and on which he 
bestows a great and merited eulogium,) would, have 
furnished him with “ viszble” signs of a “ cause” that 
has equally produced both the vallies and the cavi- 
ties of lakes. With the hypothesis that running 
waters have formed the vallies, Mr. Playfair cannot 
persuade himself that the latter and those cavi- 
ties have a common “cause;” for rnnning waters 
cannot excavate below the level of their course: ac- 
cording to his system, therefore, the cavities of lakes 
miust be posterior to the existence of vallies, and 
must have been produced by a different “ cause ;” 
and if no one which is “ visible to man” can. be 
found for this purpose, recourse must be had to an’ 
“invisible agent.” But I have shown, in some of | 
my works, that the theory of vallies, which renders; 

eens necessary 
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_ necessary the adoption of this arbitrary cause, is de-- 
void of all foundation; yet the arguments which I 
have adduced on this subject have been overlooked 
by Mr. Playfair, 


136. Here then is one of the most important 
questions in geology, to a deep discussion of which 
we are led by the opposite opinions entertained con- 
cerning it; nor can too much attention be bestowed 
upon an examination of it by facts, considering the 
Icngth of time that has elapsed since the facts, which 
should have decided it, have been known. Iam 
well acquainted with all the spots described by M. 
de Saussure, and can bear testimony to the accuracy 
of his descriptions; I shall, therefore, make use. of 
these alone, confining myself to. the basins and im- 
mediate neighbourhood of seven lakes, situated at a 
small distance from each other, but crossed by rivers, 
which issue from different vallies. I shall begin 
with the circumstances which relate to.the Lake of 
Geneva, and then proceed to those of the lakes of 
Jour, Neuchatel, Bienne, Morat, Annegy, and 
Bourget. To those, who are. unaequainted with 
that interesting country, these. descriptions will pre- 
sent, in one view, many great geological monuments, 
noticed in different parts of M. de Saussure’s import- 
ant trayels; and they will, at the same time, more 
strongly engage the attention of those persons, whe 
have already visited. Wiese spots, or may, hereafter 
yisit them, 
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the circumstances which respect the Lake of Geneva, 
it is necessary to take in, that whole space surrounded 
by mountains of which it occupies onlya part, On 
the side where the Ithone enters, the lake is separated 
from the mountains solely by the alluvial land of the 
river; but this river, at the opposite extremity, where 
it flows out, traverses a considerable tract, consisting 
of small hills, on one of which stands Geneva. 
This tract lies between Saleve, and the part of Jura 
which fronts that mountain; and the Rhone quits it 
through a defile of the mountains, galled LZ’ cluse. 
I shall bezin the description of the vast circle which 
‘encompasses the lake with that which is given of this 
defile by M. de Saussure, §313 of his travels, 


*‘ This defile,” he says, “is the only one through 
“ which the Rhone can issue out of the mountains... 

“ At this extremity, the strata of Jura are hid} 
_“ perpendicular to the horizon; for the most part, 
“ they recede only 15° from the vertical line, and dip 
“to the eastward..... The ‘strata of Vuache (on the 
other side of the defile) have precisely the same 
“ position.”....1 confine myself to the description of 
the course of the Rhone at its issue from the moun- 
tains, because I am not of the opinion expressed by 
M. de Saussure at the beginning of his work, that 
this i issue has-been cut by = Hhohe itself. Suchan 
hypothesis is useless, when we. consider the great 
disorder of the strata, which, according to the above 
description, appears at this particular part of the 
passage of that river, and is observable along its 
whole course, and in all the mountains which border 
| | it, 
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#, as far as the well-known sh called La Perte 
du Rhine. There its whole stream sinks through a 
fissure into a subterraneous cavern; but it again 
makes its appearance through many other fissures, 
flowing at first without any rapidity, amidst strata, 
which are in the. greatest disorder. When such — 
symptoms of convulsion are visible, we are not sur- — 
rised at seeing the Rhone precipitate its waters into 
the defile of L’ a ciiee 
138. This extremity of the amphitheatre, closed 
by the Afont de Sion, which is a continuation of - 
Vuache, offers nothing sufficiently interesting to re- 
quire description. I shall pass on, therefore, to 
Mont Saleve, against which the Mont de Sion rests, 
anc with which commences that side of the enclosure 
opposite to Jura, ‘The accurate description given of 
it by M. de Saussure begins § 232, and I shall insert 
that part which relates to our subject.“ Besides the 
“ large masses of ‘strata, which constitute the body 
“ of the mountain, and may be classed among the. 
** horizontal, others are found, the position of which 
‘is absolutely different. These are situated at the 
foot of the Great Salve, on the side facing our > 
valley; where they lean against the inferior sec- 
“« tions of the horizontal strata, and are either per- 
** pendicular tg the horizon, or highly inclined, rest= 
“ing against the mountain.....These strata rise in 
‘ some places, for stance, between Veiry and Cre- : 
* vin, nearly to half the height of Great Saleéve; 
“ those in immediate contact with the mountain are 
“ the most inclined. Some of the strata are verti: 
cal, 
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‘4 cal and some even iclined in a contrary direc- . 
“ tion, being supported by those which lie more out- 
“ wardly ; these last form an angle with the horizon 
‘i of from 60 to 65 degrees. These ‘strata are in a 
“ sreat degree continuous, and extend toa consider- 
“able aidaned Their aggregate mass forms a thick 
“rampart at the foot of ae mountain; that they 
“have been fractured is, however, evident; and 
‘in some places they are totally lost. This circum- 
“stance is favourable to observation; because, by 
* taking our station in the intervals, we can see their 
ys Suction and the whole of their structure.” 


139. I shall not transcribe the conjecture hazarded 
by M. de Saussure on the subject of these pheno-. 
mena, which follows this accurate description of facts, 
more particularly as he afterwards changed his opi- 
nion. At the time when he wrote, he supposed that 
thos¢ vertical or highly-inclined strata might have 
been formed in their actual position ; but we are in- 
debted-to himself for the first proof that all mineral 
strata were originally horizontal and contmuous, and 
that their present state is to be ascribed to subsequent 
catastrophés. The mass of strata found overthrown 
at the foot of Saléve, is the phenomenon of which I 
spoke, § 127,>as proving that the plain intersected 
» by hills between Saléve and Jura, as well as the whole 
tract of country in which the lake is comprised, has 
been formed by a great subsidence of the strata; the 
basin of the lake being the part where the most con- 
siderable depression took place. This phenomenon 
Ww ill often be noticed in the descriptions which I shall 

| transcribe 
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transcribe from M. de Saussure ; and it is frequently 
observable, not only in those sections of the moun- 
tains, which face the plains and the lakes, but like- 
wise on the sides of the vallies: this similarity of 
effects proving the truth of my remarks with respect 
to the identity of the cause. ‘The strata which rest 
thus, vertically, or with a considerable znclination, 
against abrupt sections of the strata of the mountains, 
iiaeate the place of the fracture ; and those others 


which dip in the soil, or under the water of the lakes, ; 


are parts of the mass of the depressed strata, which 
have remained supported on the sides of the cavity,. 
in which the subsidence took place. This will here- 
after appear evident. 


140. It would occupy too much time to follow M. 


de Saussure through the whole of his description of | 


the tract of country of which I have been speaking ; 
‘every part of it, however, 1s characteristic of the 
eause which I have indicated; but a full considera- 
tion of it would engage us in further details respect- 
ing causes; for we have here a theatre, exhibiting 
catastrophes after catastrophes, during the intervals 
ef which, strata of sandstone were deere - upon 
others of calcareous stone, which had previously sub- 
sided; and these afterwards together underwent new. 


catastrophes, in which a considerable quantity of gra-_ 


vel, and of blocks of granite and other primordial 
stones, was disseminated. over the whole of this scene 
of rnins. I shall, however; select: some distinctive 
circumstances. of these phenomena, beginning with 
-the description of a ‘mountain contiguous to Saléve, 

oe 
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but nearer to the lake; from which itis a league dis: 

tant, though forming a part of that chain of moun- 

tains by which the laitoxi is surrounded. The moun- 

tain of which | am speaking is called Les Voirons ; 

the river drve, issuing from the environs of Mont 

Blanc, passes between it and Saléve, and not enter- 

ing the lake, but pursuing its course at some distance 

from its extremity, it minales its waters with those of 
the Rhone, which has already issued from the lake: 

The tract of countr y between the latter and Les 

Voirons consists ef a plain, lying behind the hills 

which border the lake. The following is the descrip- 
tion which M. de Saussure gives of this mountain, 

§ 274. 


‘‘ This mountain differs from Saléve both in its na- 
“ture and in its outward appearance. It is almost 
« entirely composed of grit, of a greater or less de- 
** sree of hardness... ts: strata are inclined towards 
“ the valley of Botge, which separates Les Voirons 
“ from the chain of the Alps. The banks of Sa- 
“ lve (opposite the abrupt face) are inclined towards 
ef hie same side; but the declivity of Les Voirons is 

‘ more rapid; in many places, for instance, behind 
fa « the ruins of the convent, it has an inclination of 
 45°....4 have said that the strata of the mountain 
“of Tae Voirons are’ almost entirely composed of 
“ ovit or sandstone; and I have expressed this re- 

‘ servation on account of a large quantity of lime- 
“ stone, which lies near the: southern extremity of. 
* the mountain, at nearly half its height, above the 
“villageet Lussinge. ‘These strata of limestone are 
{ ; a * almost 
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“ almost perpendicular to the horizon, ini a direction 
“‘ from east to west; the outermost strata’are thin} 
‘f and. intermixed with clay; but the innermost are 
“ compact, and of considerable thickness.” 


_ 441. Here then are two mountains very near to 
each other, which exhibit very different appearances, 
although tlie same strata are found in each; for beds 
of sandstone are likewise observable on the less in+ 
clined face of Saléve, which looks towards the same 
side. And with regard to the strata of calcareous 
stone of Les Voirons, my brother, who is well ac- - 
quainted with every part of that mountain, has traced 
the summiits of their sections along its whole breadth; 
they rise up through the heaps of rubbish constitut- 
ing that face of it phigh: fronts the lake, where the 
declivity is gentle and gradual. On. visiting this 
mountain together, we found by the barometer that 
its height, at the convent, near the summit, is 2800 
feet above the level of the lake. ‘The summit ter- 
minates in a sharp angle, formed by the section of a 
thick stratum of breccia, which is interposed’ be- 
tween the calcareous strata, and the strata of sand- 
stone. It is a, very just remark of M. de Saus- 

sure, that beds of breccia, which separate two classes 
of strata, and of which the eround is of the same 
nature with the strata immediately following, are 
never found to contain any fragments, but such as 
belong to the strata which precede. Here, the frag- 
ments are of primordial and calcareous stone ; none 
are of sandstone; for this began only to be formed 
on the calcaregus stone of which its first-bed in- 

volved 
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volved the .debris, together with those of primordial 
stones. . Now these calehiegotss debris have evidently 
belonged to the strata on which the sandstone. was 
formed ; for, in another visit, my brother found in 
those. fragments enclosed in the breccia, marine bo-. 
dies of. a mieelier species, which. are‘also contained 
in the calcareous strata projecting on the, declivity; 
nei sini of a kind of ian heii 
" “geo eapa l PT 
142, “The ueuehen were. pi ‘disks phenomenon 
which, led M. de Saussure to. the, interesting disco- 
very. that the:strata, which are/at-present:so! much 
inclined as sometimes to be vertical, were yet:for med 
in a horizontal position: for strata, which originally 
were so soft as to enclose fragments of other stones, 
could not, in any different position, have beemformed 
of an equal thickness; their substanceswould: have 
slidden to the bottom i. oné mass... “All the stratd; 
therefore, of Les Voirons, were/once: horizontal; a 
circumstance ‘rendered equally. evident) by the re“ 
mains of marine animals which they contain. ~The 
calcareous strata had, however, alreadysundergone 
some catastrophes, being covered withtheir own de- 
bris; and such catastrophes had extended to:the pri- 
-mordial strata over which they Jay, the «debris of 
these last being also found in the breccia; and this 
was their state, when the strata of saridstone weré 
formed on them. ° After the consolidation of the lat- 
ter, they, together with all the inferi ior strata, having 
been fractured in consequence of a fresh catastrophe, 
a large mass sunk down on the side next the lake; 
ang another on the REDIF side, tawards. wilticti 
. those 
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those»strata that’ retained’ the’ greatest elevation 
aveonow inclined; thisis the cause of the Singur — 
lar-form exhibited! by Les Voirons. All doubt ‘ott 
that head would be removed on visiting the Spot; 
and this: mountain alone might serve to convirice’ Mr. 
Playfair that! the basin’ of the lake was’ Produced’ by 
te subsidence of the strata, | 
143. I pass over other parts, also very chinchiaeh 
istic of great catastrophes, and changes int the nature 
of the latest strata, which follow Les Voirons) it 
order to proceed to the consideration of greater phe- _ 
homena of the same kind, described in ‘9329 of NM. | 
+ Saussureé’s work. | 


fas Frei Geneva to Tour-ronde, the eastern coast’ 
of the lake is skirted by hills of sand-stone and’ 
‘rounded gtavel, and the mountains, properly s6 
“ called, are still ata considerable distance from fts 
““banks. But beyond Tour-ronde, tlhe mountains 
“‘are so close upon the lake, that it can be coasted 
“only by a narrow path, scarcely wide enough fora 
“horse topass. Here, therefore, the lake, bordered 
“by lofty and. precipitous mountains, no longer éx- 
“hibits to the view those smiling banks and beauti- 
“fal hills which skirt the other parts of its cireum- . 
“ ference, Naked and barren rocks, or overhanging 
“forests, give it that wild and gloomy aspect, so 
“well described by the: author of the Nouvelle He: 
“ laise.” 
“144. The rocks here alluded to are the Richer 
de 
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#e Meillerie, which present their abrupt sections to 
the lake ; they consist of strata of a blackish calca- 
reous stone, shattered to such a. de gree as to be. 
used ‘only i in walls composed of tough stones and 
mor tar, or in laying the foundation of buildings. 
From its extreme hardness, it is well adapted to, 
these purposes. ‘The quarries are in the cliff; the 
stone is blown up by gunpowder, and the fragments. 
fall, at the foot of the rock, ona kind of quay which 
is left ther e, whence they are shipped. The differs, 
ent depths of this lake, and of the others which. a 
shall have occasion to mention, were measured by. 
M..de Saussure, witha view to his ‘interesting expe- 
riments on the temperature of the bottom of the lakes. 
in the vicinity of the Alps; a temperature, which he 
found always to be lower, even in summer, than that 
of mines and deep cellars; an interesting object of 
natural philosophy, but one on which I cannot enter 
in this place. M. de Saussure was at first of opi- 
nion that the earth’s temperature had been mistaken; 
but, _having gone for the express purpose of making 
| observations on the temperature of the sea off Nice, 
at the same depth as in the lake of Geneva, he found 
it to be there equal. to that of deep cellars, Ore of 
my nephews, connecting the law of the dilatation of 
water by heat, which I have determined in my Re-| 
cherches sur les modifications de U Atmosphere, with 
the temperature of the surface of those lakes, in win- 
ter, has, in my opinion, discovered the cause of the: 
constant low temperature of their bottom; but ‘such 
@ discussion would lead us too far from our subject. 


WaSRY lat avian tee Se 


144° 


N45. I retura, a ete ae to haps & the. om 
where, at some distance from the shor e, M. de’ Saus-_ 
sure found the depth to be 950 fect. ‘Speaking, ‘in 
§ 324, of the whole range of mountains,. from Tour 
pe i9 to St. ‘Ging ben he say wtp These mountains. 

“are all calcareous; they are gener ally pr ecipitous, 

“on the sides. which front the jake, and, in many | 

A str ata, “either ver tical, “or resting against. 
“ the bottom of the cli ifs; are obser vable at their. 
“ base, as at the Foot of Saleve.” Tf, taking’ our 
station on one of the projecting parts of those ce pre 
1 cipitous” rocks, we observe the section of their 
dislocated strata which fronts the lake, and the de- 
tached masses, which, dipping in the lake, present. 
only, their summits to the view; considering, that. 
these descend below the surface Ai the water to the 
depth of 950 feet, as those at the foot,of Saléve’ 
descend to the plain, can we entertain any doubt re 

specting the identity of the phenomenon? Cer tainly 

not; and we are impressed with the idea that the. 
existence of the lake is to be ascribed to the depres 
sion of the strata, which was greater ‘there than in. | 
the other parts of that vast theatre of revolutions. 
The same conclusion will cer tainly be drawn from 
similar pei in the following descriptions. 


146. That I may not lengthen them too much, I’ 
pass, from St. Gingough to the neighbouring extre- 
mity of the lake, there to observe the space otepied’ 
by the alluvial land of the Rhone, which will present 
to us a phenomenon, similar to one described by M.” 
de Dolomieu in the Delta of Egypt, where several 

- calcareous 
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-galcareous rocks rise above the alluvial land of the 
Nile; thus exhibiting masses of strata, which were 
at fsb in the sea near the coast, being the remains 
of those which had sunk, when the ay of the Medi- 
terranean sea was formed.. In like manner, there 
are two large calcareous rocks in the alluvial land of 
the Rhone, which, consequently, must at first have 
been in the water of the lake near this extremity. 
Gne of these rocks bears the name of Champigny, 
and the other of St. Zryphon. M.de Saussure de- 
scribes them $1092. On measuring the height of 
the latter by the barometer, he baal its elevation to 
be 246 feet ; and the , EE which he gives of 
both, evidently points to.a depression of strata, 
the disorder of which is manifested by the state of 
. those m agses that remain exposed to sight. ‘“‘ ‘These 
“ rocks,” he says, ‘“‘are not Hebeevess of the same 
“ kind, and much less of the same structure: for 
.“ that of St. Tryphon is composed of strata, regular 
“ and horizontal, or nearly so; while those of Cham- 
“ pigny are highly inclined, and frequently much dis- 
“ ordered.” Were these rocks, it may be asked, in 
the “saline stratum,” which Mr. Playfair supposes 
to have been there dissolved? If he had seen those 
spots, his hypothesis would never have occurred to 
him. But let us-attend to M. de Saussure, who gives 
us, in § 1095, a general idea of the mountains em- 
bracing this entropy of the lake. | | 


a The range of ER mountains, from Ste 
© Maurice to ) Chillon, scarcely ever exhibits regulas 


‘‘ and horizontal strata; nearly all of them are dis- 
f “ located 


—-146 


“ Jocated and inclined, and appear to have been sub- 
“ jected to the action of violent causes; for, in my 
“ estimation, depressions alone do not seem sufficient 
“ to account for the variety of their forms. There is 
“much irregularity also in the positions of their 
* abrupt sides; most of which, however, are turned 
“towards the valley of the Rhone. That range of 
mountains, which corresponds with these, on the 
** left bank of the Rhone and of the lake, is likewise 
‘ calcareous, and almost equally irregular. Most 
“ of these mountains, such, especially, as are nearest 
‘‘ to the lake, are very steep, both on the side of the 
“Jake, and on that of the Rhone: the vallies, by 
“which they are separated, appear to divide them 
* into chains parallel to the lake, which stretch in a 
“direction from N. E.toS. W. The mountains. 
- nearest to the lake, as I have just remarked, pre- 
* sent their abrupt sections towards it, while those 
‘lying ata preater distance from the lake, and near- 
* est to the centre of the Alps, are inclined towards 
“the latter. ‘the Val de Lie separates these two 
“chains of mountains: this rich and fertile valley is — 
‘jn the form of a cradle ; the two chains which bor- 
“ der it rise up on each side in a gentle acelivity, and 
* their opposite abrupt faces are respectively turned 
_ “towards the lake and towards the Alps.” 


145. a. Such minute and precise descriptions, 
which, if any doubts were entertained of their accu- 
racy, might he verified on the spots themselves, ought | 
to restrain the imagination, disposed as it ever is to 
ereate new hypotheses. Here assuredly are pointed” 

| . out 
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out tous “ visible” indications of the “cause” which _ 
has operated in the production of wallies, and of 
their deepest hollows, the cavities of lakes. ‘The 
« abrupt sides,” exhibiting ‘ sections” of the strata, 
are the parts where the fractures have taken place, 
while the void space before these shows a complete 
subsidence of the mass thus separated; a subsidence 
generally characterised by portions of that mass re- 
maining elevated above the heaps of ruins, such as 
the tek of St. Tryphon and Champigny. This in- 
‘dicates, as M. de Saussure well observes, more than 
a simple depression or subsidence ; some “ violent 
““ cause” must have attended it, by which the broken 
masses were shaken during their fall. Such a cause 
will hereafter be manifested by other symptoms; but 
all the facts connected with it must first be assembled 
‘in our view. In other parts, where any fracture has 
‘occurred, the strata are found simply znclined to- 
“wards the point where it took place, ejther on’ both 
its sides, or on one only. The first case is exempli- 
fied in the above instance of the Val de Lie, where 
the strata ascend on both sides, turning their abrupt 
sections outwards, towards the lake, and towards the 
Alps; and examples of the second case may be 
- found in many vallies, one side of which exhibits 
the abrupt section of the strata, while their inclined 
planes form the other side. On beholding such and 
so common phenomena, how is it possible to main- 
tain that running waters have produced the vallies? 
Ts not their real cause in a manner ‘‘ visible?” 


146. a. The part of this lake which is opposite to 
LQ the 
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the Alps, and lies under Mont Jura, is very interest- 
ing to the geologist who, already convinced that val- 
lies and the cavities of lakes are the necessary effects 
of successive subsidences of the strata, is desirous 
to trace the formation of new strata after each catas- 
trophe, and to ascertain what fresh revolutions have 
taken place, subsequently to the production of the 
latter; an object; in regard to which much still re- 
mains to be observed, and which requires the multi- 
plication of observations and local descriptions. 
But those who enter on this task will do well previ- 
ously to examine the proofs which I shall adduce, 
that their inquiries ought really to be directed to the 
effects of depressions frequently repeated, and to 
the formation of new strata, in certain places, during 
the interval of such catastrophes. I shall therefore 
omit the interesting description given by M. de Saus- 
sure, of that side of the lake, where, between its 
banks and the precipitous rocks of Jura, the land- 
scape 1s adorned with those fertile hills, of which 
there are none on the side of the Alps, and which, 
on account, of the variety of their species, and the 
disorder SO prevalent in their strata, are the pheno- 
mena which I have pointed out, as eminently worthy” 
of study..: But here I must confine myself to the 
great features of the catastrophes, as manifesting 
their gener al nature; for which reason I pass on to 
other scenes, Hee aia in the 16th chapter of the 
first volume, entitled, Les Lacs du Jura. 


(147. The fret of these lakes, of which M. de 
Saussure is about to give us a description, will lead 
us 
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us quite away from that great current, which, ac~ 
cording to Mr. Playfair, after having undermined 
the schisti and the calcareous strata, might have dis- 
solved a “ saline”? mass. Weare now. on Mont 
Jura, at a level of nearly 2000 feet above that of 
the lake of Geneva, in the Vallée des Rousses, in 
. which is the lake of that name, the highest in those 
mountains, and about three quarters of a league in 
lenoth. The small river issuing from it, called the 
Orbe, forms afterwards three other lakes, the princi- 
pal of which is the Lac de Jour, elevated 1900 feet 
above the lake of Geneva; it is about two leagues in 
length, and half a league in breadth; the mountains 
lie so close to it on one side, that it°cannot there be 
coasted; and in that part is its greatest depth, which 
_M. de Saussure found to be 80 feet. The second 
lake, contiguous to the-former, is the Lac de Bre- 
nel, which is about a league in circumference; and 
the third, of smaller dimensions, but of considerable 
depth, is called the Lacter, a corruption, as Is sup- 
posed, of Lacus tertius.° The division of these 
lakes is occasioned by the disorder of the strata at 
the bottom of the valley, respecting Wy I shall 
now enter into some details, | | 

148. The Dent de Vaulion is a summit elevated 
1440 feet above the lake of Joux; M. de Saussure, 
speaking of this eminence, as affording an instance 
of the convulsions which the strata in that part of 
Mont Jura have undergone, says, § 343,’ “ It is thus 
“that above the source of the Orbe” (the second’ 
source, which will hereafter be noticed) “ the Dent 
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“ de Vaulion exhibits to the northward the abrupt 
* section of its highly inclined strata; while on the 
“ other side of the valley, epposite to the Dent, the 
“ strata of another chain of mountains rise abruptly 
“ towards the south,” And in 4381, “ the strata 
‘“‘ of the Dent de Vaulion descend on the side next 
“the Alps, being zzclined in angles of from 30 to 
*f 40 degrees; and they are cu¢ vertically on the side 
* next the valley of the Orbe, above which they form 
“a frightful precipice.” Its depth is 2120 feet. 


149. The manner in which these lakes are drained 
is likewise worthy of the greatest attention; the fol- 
lowing is the account given by M.-de Saussure of 
that remarkable phenomenon. ‘“ Nature has pro- 
“vided. for the discharge of the waters of these 
“ lakes, by preparing for them subterraneous pas- 
“ sages, in which they are ingulfed, and lose them- 
*‘ selves. But it is not through wide channels or 
*“ large apertures that the waters penetrate into the | 
“earth; it is through the interstices of the vertical 
$ strata of calcareous stone, which compose the 
‘* mountains surrounding these lakes, and particu- 
** larly that of Brenel, towards the west and north, 
s¢ .o. dhe most considerable of these tunnels is the 
* work of nature; but it has been much improved 
“by art. It is situated to the N. E. on the bank 
* of the small lake, at about the middle of its-length, 
“in a hollow of a mountain of some height, which 
* at that part is close upon the lake, and of which 
“‘ the strata are exactly perpendicular to the horizon. 
* As the waters rush into this kind of abyss with 

“ consider able 
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considerable yiolence, mills have been erected over 
“* their stream, below the level of the lake, which 
“are called the dloulins de Bon port. A strong 
“* dike keeps in the waters of the lake, and a conve- 
““ nient supply may at all times be procured, by 
‘* means of: the openings, which have been made in 
this embankment, and which are properly managed 
* by asluice.” Before we consider further the spot 
where this water is thus lost, let us proceed to that 
_where the same river, which had entered the lake of 
Joux, makes its appearance in Val-orbe, at the place 
usually called its source, swollen by the waters which 
enter the three lakes by lateral streams, 


150. The following description is given by M. de 
Saussure of this very remarkable spot. ‘ A rock of 
“a semi-circular form, at least 900 feet in height, 
“ consisting of large horizontal strata, cut down 
* perpendicularly, and intersected by rows of firs, 
“which. grow on the cornices formed by the sa- 

* lient parts, terminates to the westward the valley 
* called Val-orbe. Mountains of greater elevation, 
* and covered with forests, enclose this rock on all 
sides, except where they leave a passage to the 
“ Orbe, of which the source is at the foot of the 
* rock. Its waters, which are pertectly damped, flow 
* at Grst with majestic calmness over a bed of green 
“moss, (fontinalis antipyretica) but soon the main 
“current, carried down a rapid declivity, foams 
‘‘ among rocks occupying the middle of its channel; 
“ while the waters near the banks, less agitated, and 
continuing to glide over a verdant bed, form a con- 
3 trast 
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trast to the white foam in the middle of the stream. 
«And thus does the river again escape from our 
* sight, running through a. deep glen, overgrown 
“with firs, of which the gloom is rendered more 
“ striking by the lively verdure of the beech trees 
¢ interspersed among them. On beholding this 
spring, we can readily’ imagine how poets have 
“been led to deify fountains, or to convert them 
‘into the residences of their Gods. ....The perpen- ~ 
* dicular height of the surface of the lake of Joux — 
** above this source of the Orbe was found on mea- 
* surement to be 680 feet.” The river afterwards, 
pursuing its course, flows into the lake of Neuchatel, 
near Yverdun. 

151. This is one of the phenomena, by which, at 
an early period, I was convinced that vailies had not — 
been excavated by running waters, and was led to fix 
my attention on mountains. I observed it in 1743, 
having crossed those mountains as far as Pontarlier; 
after a short interval I crossed also the Alps by S¢. 
Bernard, and the Apennines by La Bochetta ; and 
though I was then but young, the aspect of the val- 
lies of these mountains, and of their summits, struck 
-me very forcibly. Since that time, I have observed 
a variety of phenomena, similar in their ‘ind to this 
second source of the Orbe; and the differences obvi- 
ous in their species have guarded me against deducing 
general hypotheses from particular phenomena. — If 
the deep chasm in Val-orbe, which terminates against | 
the mountain, or any other of the same hind, were 
exclusively to engage our attention, we might be in- 

duced . 


153 
duced to suppose it the effect of some great earth- 
* guake; a conjecture which I have idea heard made 
respecting similar phenomena; but no such conjec- 
tures would be hazarded, were the concomitant cir- 
cumstances studied with care. I shall make this 
evident, in the present instance, by introducing in the 
form of queries the remarks which the case might 
naturally suggest, and by giving such solutions as | 
are furnished by the circumstances which accompany 
it. RMT 3 , 


152. I: Why does not the Orbe, after having run 
at so considerable an elevation in the upper valley, 
pour down its waters in a cataract ito the deep 
‘chasm of Val-orbe, resembling the many other wa- 
terfalls seen in similar situations? Because, at the 
extremity of its course in the upper valley, it meets, 
though between mountains, with vertical strata, ex- 
tending up to the mountains themselves, through the 
interstices of which its waters continually filtrate. 
The chasm therefore of Val-orbe cannot have been 
occasioned by an earthquake, on continents already 
existing; for that could not have produced the angu- 
lar motion of such a mass, in the centre of the 
mountains, so as to have rendered vertical, strata, 
which had before been horizontal, 


153. II. Since the waters thus find subterraneous 
passages, why-do they accumulate on the mountain 
in such a degree as to’ form these lakes? Because 
they cannot meet with sufficient openings for  their- 
whole volume, without spreading themselves so far 

, as 
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as to embrace a greater number of fissures; and this 
they can effect only by rising. The inhabitants of 
the valley are even obliged to take care that the waters 
of the lakes find sufficient passages to carry off their 
superfluity; siace otherwise they would overflow the 
villages situated on their banks. Speaking of these 
precautions, M. de Saussure says, “ ‘They sink pits, 
*“‘ from 15 to 20 feet in depth, and from § to. 10 in 
** breadth, m the thin and vertical strata, of which 
*‘ the tops are even with the ground, on the banks 
*“‘ of the small lake. The waters discharge them- 
‘selves into these pits through channels made for 
“ their conveyance, and thence they pass by infiltra- 
“tion into the interstices of the strata. ‘These are _ 
** the pits usually called tunnels; and from time to 
“ time they are pleated of the mud and slime which 
beak them up.” 


154. III. Can we possibly imagine that the 
Orbe, in the upper part of its course, has ezea- 
wated the valley of those lakes? Assuredly not; 
for the current of the river is there scarcely percep- 
tible. Entirely gazescent in its passage through the 
Lac des Rousses, it preserves the same tranquillity 
in the Lac de Joux; the space which it traverses, 
from the latter to the Lac de Brenel, is extremely 
short, and the Lacter is rather a large pond than a 
lake, although it is of considerable depth. No sen- 
sible erosion, therefore, can have taken place in that 
valley, and yet its sides are of great elevation, since 
it is commanded, among other rocks, by the Dent de 
Vaulion. 


155. IV. 
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155. IV. Why are the waters always clear and 
« limpid” in Val-orbe, even in rainy.seasons, when 
those which run into the lakes above from the sur- 
rounding mountains are constantly turbid? We 
are acquainted with no “ wiseble cause” which can 
account for this phenomenon; we must, therefore, 
according to Mr. Playfair’s rule, here truly appli- 
cable, have recourse to an ‘‘ zvvisible” one; and that 
can be no other than a cavern, mto which the infil- 
trated waters penetrating, deposite their slime. The 
proof of this is furnished by another circumstance. 
The usual limpidity of the waters of the Orbe, as 
they issue at Val-orbe, had led many to doubt of 
their identity with those, which, at the Lac de Bre- 
nel, pass away by infiltration; but all doubt on the 
subject is removed by the following fact, recorded 
by M. de Saussure. ‘In the preceding years, the 
** waters having risen to a higher level than was con- 
““ venient to the inhabitants of the Vallée de Joux, 
* they resolved, in 1776, to repair and clean out the 
** tunnels of the Lae de Brenel. In the hopes of 
“draining it, they shut up, by a strong dike, the 
“canal, through which the great lake maintains a 
** communication with it;. but, when the waters were 
*‘ raised to a certain level on one side, and had be- 
** come proportionably lower on the other, their 
** pressure was so great as suddenly to occasion the 
_ “bursting of the embankment. An excessive agita- 
“tion of the waters ensued; they became turbid 
“throughout; and soon afterwards the Orbe, in 
*€ Val-orbe, which till then had been pertectly clear, 
“ appeared thick and muddy at its issue.” ‘This ac- 
erdent, 
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cident, no doubt, was productive of a good effect, 
and passages were then opened, which before had 
been obstructed. The waters, which then rushed 
into the cavern, were in too great abundance, and 
formed too rapid a stream, to allow of their becom- 
ing “ limpid” by depositing their slime; and in con- 
sequence they came out in the state described: 
There are many other phenomena in these mountains 
to prove that large caverns are concealed in them, 
which can have been produced only by the unequal 
subsidence of the strata in the same masses, aie 
their catastr Libis ee 


156. This single spot, attentively studied, has al- 
ready led us to draw several important conclusions: 
there still, however, remains an object for examina- 
tion, namely, the “ moss,” over which the waters of 
the Orbe “ flow with majestic calmness,” when issu-~ 
ing from beneath a rock composed of horizontal stra- 
ta, at the foot of great masses of vertical strata; (a. 
difference of position which accounts for the eavities 
found in those mountains.)’ At the point of its issue 
begins a waterfall, similar to many others which I 
have seen; for it is of little consequence whether, 
after having been “ carried down a rapid declivity, 
“and foaming among the rocks which occupy the 
* middle of theit channel,” the waters pursue their | 
course, or whether they fall precipitously from a , 
~ rocky summit into a valley beneath; to observe them 
at the point of their descent is what is really import- 
ant, toenable us to judge whether cataracts, as Mr. 
Playfair pi can form any evident parts of a 

generat 
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general system of waste and degradation. Here the 
waters, having entered the subterraneaous cavern, are 


. retained there at a certain level by an embankment. 


If, in rushing out, they had been capable of cutting 
the dike by erosion, their level in the cavern would 
have sunk: but we find the external edge of that 
dike constantly covered with that species of moss, 
which consists of long filaments. I have observed 
this in many places, at the edge of rocks, from which 
torrents fall, and which they certainly do not injure 
in their course; since, in many places, there is room 
to pass between the sheet.of descending water and 
the rock, which is overgrown with moss, and other 
plants, usually found in damp caves.. Even the 
great cataract of the Rhine at Sc Ah cca exhi- 
bits the same appearance; the stream majestically 
pursues its wnreffled course over the brow of the 
rock, and begins to “ foam” only at its foot, in con- 
sequence of the torrent dashing itself against its own 
waters. [ 

157. Before I quit this important phenomenon, 
which so clearly manifests the state of the strata in 
the mountains, and how unnecessary it is to seek in 
running waters the cause of the existence of the val- 
lies through which they flow, or to call in the aid of 
any’ invisible agent” to account for the cavities of » 
lakes, it may be proper to state, that neither sudter- 
raneous passages for the waters through the inter- 
stices of the strata, whether vertical, or highly 3 in 
clined, nor caverns, whence. they 1 issue forth in some ‘ 
low pratey collected together 1 ia “ calm and limpid” 


_ stream 


158 | 
_ stream, are by any means unusual phenomena; and 
that cases similar to these are in particular observable 
in many parts of Jura. The only circumstance, 
therefore, more remarkable in the phenomenon just 
described than in others, is that of the upper lakes, 
occasioned solely by the cavities which the waters 
found there; and in which it was necessary that they 
should attam a certain elevation, before they could 
spread themselves so far as to reach a sufficient 
number of openings into the interstices of the strata; 
whereas, on other rocky heights, the rain waters im- 
mediately filtrate, even through the turf, into the 
interstices of those vertical strata, the sections of 
which form the summits. Sometimes, indeed, if 
there happens to be a more favourable fissure at the : 
bottom of a declivity, rows of small tunnels are met 
with in the turf. ‘All these waters being afterwards — 
collected together in caverns, form rivers, which 
issue peaceably through some outlets in the sides 
of low vallies; down which they must have precipi- — 
tated themselves in cataracts, had they not found 
such internal passages. The above is the case with 
the Reuse, which, like the Orbe, dischar ges its waters 
into the lake of Neuchatel; it is ‘oeed in Vals 
travers, which terminates abruptly against the moun- — 
tain, but has many recesses, like that of Val-orbe, 
whence issue several rivulets, already formed; and- 
these, uniting, become the Reuse. ~ : 


158. Those who love the study of nature, and 
more particularly those who are aware how far geo- 
logical science may léad us in the road to her sanc- 

9 _  tuary, 
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tuary, will not consider the foregoing details as have 
ing been extended to a tedious and unnecessary 
length. ‘The very circumstance of my being engaged 
in the present discussion sufliciently proves that ge- 
neralizations of phenomena, however exact they may 
really be, have no influence on those, who imagine 
that they also have accurately generalized the same 
phenomena; and that the detaz/s alone can produce 
the desired effect, when they have been observed in 
places, where the descriptions may be verified, if any 
doubts,are entertained respecting their correctness : 
and thus, likewise, may many persons be induced 
to fix their attention upon objects, which are within 
their reach, but from which it had not- occurred to 
them that any instruction could be derived. I shall 
therefore now proceed, still acompanying M. de 
Saussure, on the road to the lake of Neuchatel, 
setting out from the banks of the lake of Geneva, 
which he describes in $390. 3 


“From Balaigre,” he says, “ we came in three 
“hours and a half to Vwerdun, where we passed 
© the night.....On the road, we had several very fine 
“‘ views of the lake. We were struck, upon first be- 
“holding it, with the great extent which it must 
“‘ formerly have had; for the spacious marshy and 
“ horizontal meadows by which it is terminated on 
“the S. W. have unquestionably been at one time 
** covered with its waters. We shall have occasion 
‘to make the same remark on the other side of the 
“Jake.” This is the side which may be considered ‘ 
as the entrance of the lake; -for its waters flow 
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out at the opposite extremity: it is on the side of 
-Fverdun that the river Orbe rans into it, together 
withother streams. ‘The alluvial land here mentioned 
continues to increase, but now very slowly; the first 
deposites, on the contrary, accumulated rapidly, (as 
in the case of all alluvial grounds,) from the abun- . 
dance of debris which the waters found in their ori- 
ginal. channels, and from their r tendency to straiten 
their course. aaa 


“Tn ye to Susseve, whichis at the distance of 
“ a league and a quarter from Yverdun, I remarked,” 
proceeds M. de Saussure, “ banks -of grit, or solt 
“ sandstone, rising in a slope towards Jura. A 
** quarter of a league farther on....commence strata 
“ of yellow calcareous stone... or om Yverdun we 
~  went.to Neuchatel, where we slept; the: distance. 
“ between, these.towns is only seven leagues..... The 
“lake is eight leagues in length, and two in breadth. 
‘ ...On its banks, as well as on those of the lake of 
*¢ Geneva, are found rounded pebbles of all sizes, 
together with considerable blocks of granite, and 
other Alpine stones; many of these occur between 
ud Yverdun and Grandson.’ This-lake lies much 
“ nearer Jura than that.of Geneva, particularly at - 
‘‘ its northern extremity, where it waters the lowest 
* strata of those mountains. The road from Yver- 
.“ dun to Neuchatel in many places passes over these 
*¢ strata; for the most part they ascend towards the 
‘‘ body of the mountain; some of the strata however, 
“above Vaumurcus, are’ almost perpendicular to 
fhe horizon, ‘and have not a direction parallel to. 
“that 
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“that of Jura. M. Dr his in taking the mean of 
© two observations with the barometer, has fixed the 
“elevation of the lake of Neuchatel at 26 and a 
“ half toises above that of the lake of Geneva. M. 
-“ Picrer determines this elevation at about 31 toises ; 
“and as he has made five different observations, 
“ which correspond with each other, the latter result 
** seems entitled to the most confidence..... The next 
“day we went to sound the depth of the lake.....At 
“half a league’s distance from the bank, we found a 
“ depth of 325 feet.” I have already observed, that, 
in his visits to these lakes, M. de Saussure had prin- 
cipally in view his observa: ions on the temperature of 
their bottoms; he has therefore contented himself 
with exhibiting some features only of the surrounding 
mountains : bs descriptions are all correct, but I 
shall now and then have occasion to notice some cir- 
cumstances, which he has passed over, beginning at 
the lake of Bienne, whither we will now SS uney 
him. , 


« We quitted Neuchatel on the following evening, 
““ and-passed the night at Cerlier, which stands upon 
“the margin of the ake of Bienne. We left that — 
‘place at a very early hour, for the purpose of re- 
“ peating in this lake our observations on the tempe- 
“yature of deep water. ‘The lake of Bienne, like 
* that of Neuchatel, is situated immediately at the 
“foot of the first chain of Jura. These two lakes 
“are separated only by plains, probably at one time 
“ covered ‘by their waters, which were then united. 
“ The lake of Bienne is about three leagues in length, 
M Cae and 
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“and nearly one in breadth. At. a league and a 
“half from Cerlier, we found its depth to be 217 
“ feet..... During the time that the thermometer was 
“under water, we returned towards the island of 
“St. Pierre, a delightful spot, and highly worthy 
“of the fame which it has acquired. This island’ 
“ lay on our left, at a distance of three quarters of a 
“league from Cerlier.....[ts length is about a quarter . 
“of a league, and its breadth a/little less. Itis a 
“ hill of an irregular form, the highest point of which, 
- according toa barometrical observation of M. Pic- - 
‘tet, iselevated 121 feet above the level of the lake; 

“and the lake itself is 178 feet higher than that of 
* Geneva.” This confirms M. Pictet’s observation 
on the height of the lake of Neuchatel: for a differ- 
ence of nine feet in the level appears to me to be 
sufficient between these lakes, which are justly con= 
sidered by M. de Saussure as having formerly con- 
stituted but one: in the intermediate space there 
remains only a canal, by which the waters of the . 
lake of Neuchatel discharge themselves into that 
ot renee: 


“The hill of the island has a gentle declivity to- 
‘wards the south, where it terminates in a small 
“© plain.....From thence, on the western coast’of ‘the 
“Jake, are seen the extensive vineyards at the, foot 
“of Jura. The eastern coast of this lake forms a 
“ striking contrast with the western; its. steep and 
* elevated borders present. only naked and rugged 
“ racks, rising boldly from the edge of the water, or 
Nh EOE RO, above: which the Libhent! summits of the 
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** Alps are alone visible.....The soil-of the island, of 
“which the vertical section is seen near the most 
‘elevated point....exhibits, beneath the vegetable 
“mould, first sand, then a soft clay, next an indu- 
“rated and coloured clay, and lastly strata of sand- 
“stone, not very hard, and of a fine grain, which 
“ are, worked as quarries.....On our return to Cerlier, 
“we immediately proceeded to Morat, which is 
“ three leagues from it. We traversed the marshes, 
-“ at the northern extremity of the lake bearing the 
“‘ name of the latter-town, where we. with difficulty 
“ extricated ourselves from the-bogey land. These 
“ oreat horizontal marshes, little raised above the 
“level of the lake, formed probably at one time a 
“ yart of its bed; and then the waters of the three 
“Jakes of Neuchatel, Jdorat, and Bienne, were 
all collected in one basin.” - 


159. These are all the details into which M. de 
Saussure has entered. relatively to the environs of 
these lakes, and they may serve to point out their 
principal distinguishing features: to his descriptions, 
however, I shall‘ subjoin some further particulars, 
According to every appearance, the waters of these 
three lakes must have been formerly united, though 
their depth was inconsiderable in the part. now oc- 
cupied by the horizontal ,soils. Some alluvial land 
has been produced by streams, in the intervals .be- 
tween the lakes; but much less, ,l apprehend, ‘than 
their own waves have accumulated. Besides, even 
at the time when these three lakes probably occupied 
only one basin, the parts, which now form those of 
M2 Neuchatel 
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_ NeuchateF and Morat, were separated by a ridge — 
of low hills, presenting their steep: sections to the 

lake of Neuchatel; in the same manner as those 
on the eastern bank of the lake of Bienne, and also 
the abrupt face of the more elevated part of the 
island of St. Pierre, present theirs to the latter lake. 
It is therefore only bythe excavations being larger, and 
filled with water, that these parts are distinguished 
from many others in the same position at the foot of 
mountains, in vallies lying between small hills; the 
latter consisting of ruins of the fractured strata; 
which, in the general subsidence, have remained 
- above the level of the rest. 


160. With respect to visible marks of a consider- 
able subsidence, there is no spot which exhibits them 
more evidently than this.» Nearly the whole base of . 
this part of Jura consists of strata /eaning against 
the foot of the mountains, of which those described 
by M. de Saussure, from Grandson to Neuchatel 
are a part. But the most considerable phenomena 
of this kind are observable in the interval between — 
the lakes of Neuchatel and Bienne, and along the 


western bank of the latter, where, towards the  - 


bottom of the declivity, and.on the rubbish, are the 
vineyards mentioned by M. de Saussure. That in- 
terval exhibits a phenomenon, very remarkable both 
from its nature and its cause. This consists of ‘se- 
veral distinct masses of these inclined strata, which 
have evidently formed a part of those that show their 
abrupt 'sections in the upper part of the mountain 
behind them. These masses ascend in the form of 
463, we . | steps;- > 


L635 4 

steps ;. those on the outside. being; the lowest, and 
those which follow rising higher and higher against 
the side of the mountain; and their thickness is so 
considerable, that a glen, more or less wide, 1s formed 
between the section of one mass, . and the inclined 
plane of the following. Now in the cause, by which 
the separation of these distinct masses. in their. fall 
was occasioned, we shall find one of theexamples of 
a phenomenon, which, in my first letter to Dr. Hut- 
ton, I had opposed to his hypothesis respecting the 
consolidation of our strata by extreme heat; namely, 
the interposition of strata retaining their softness, 
between indurated, strata. In the instance before 
us, very thick strata of soft marle lay between others 
of calcarcous stone; these two kinds of strata naturally 
separated in their fall; and thus the masses, origi- 
nally the most elevated in the mountains, fell for- 
wards to the bottom of the caverns, into which sunk 
down all that had occupied the space of the present 
lakes ; the succeeding masses sunk less, being stopped 
in their descent by the former; the next, still less; 
and thus were formed those gigantic steps, which I 
have just mentioned. Marine bodies are found, 
both in the strata of marle, and.in those of calcare- 
‘ous stone; but they are not all of the same class; I 
found, for instance, some very beautiful mother-of- 
pearl Nautili in a stratum of the former; but I per- 
ceived none in the calcareous stone. 


161. It is not many years since that great stock, 
of marle was discovered, by which the products of 
agriculture in the country of Neuchatel have been 
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go considerably augmented. In the breaking and 


lateral fall of the mass of strata in that place, those 
of marle, which had lain between others of calca- 
reous stone, detached themselves from the strata 
which they had covered, and followed the strata 
which had rested upon them. . Now those strata of 


calcareous stone being of considerable thickness, © 


their shattered section, which was turned: towards 
the glen, separating one mass from the next above 
it, became subject to degradation; and from its de- 


bris was formed a slope, by which the section of the | 


strata of marle was concealed. ‘This circumstance 
having been discovered by the inhabitants, they have 
found it easy to clear away the rubbish of these 


slopes, and are come to the marle, which they dig 
out from beneath the strata of calcareous stone. - 


That marle, which is of a bluish cast, becomes fri- 


able, and crumbles, after having been for some time. 


exposed to the air; it is then spread over the land, 
which, by this means, is made to yield abundance 
of the grass called espacette, (saint toin, hedysarum 
onobrychis.) ‘The fodder being thus increased, an 
increase of cattle naturally follows; and the manure 


from them. is highly favourable to the growth of. 


vines. Formerly the marle was not found in such 
abundance; it was met with only accidentally under 
small eminences, on the outward declivities of the 
mountain, and in the vallies; those eminences being 
fragments detached from these very strata, during 
the catastrophes by which the vallies and the basins 
of the lakes were produced. 


162. In’ 


\ 
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162. In the space which separates the lake of 
Neuchatel from that of Bienne, where, as I have said, 
those masses of strata, ascending against the moun- 
tain in the form of immense steps, are principally ob- 
served, the lowest mass dips under the soil; but this 
range stretching, with occasional interruptions, along — 
all the western coast of the lake of Bienne, the stra- 
ta there dip under the waters of the lake, by the edge 
of which there has been therefore, in some places, 
great difficulty to make a road. Now all along this 
bank, and even in the lake itself, is found a great 
“quantity of blocks of granite, as ig the case in the 
other vallies and on the summits of Jura..: Can it 
‘be doubted, on beholding these i acta of ca- 
tastrophes which I have here assembled, that the 
whole tract of land, which lies in front of Jura, has 
been reduced to its present level by a subsidence of 
part of the strata originally belonging to those which 
now form that mountain, the basins of the lakes 
being the parts where the subsidence was the greatest ; 
when, at the same time, we evidently see the place 

of the fracture, in the abrupt section of the upper 
7 part of the mountain? These strata, dipping into 
the lake, may be compared to finger-posts, placed 
at the entrance of roads; for they plainly point out 
to us where those masses sunk, which are missing in 
front of the mountain. 


163.. Let us now attend M. de Saussure to an- 
other lake, which lies near the first chain of the. 
Alps, in the same manner as the preceding lakes lie 
in the vicinity of the first chain of Jura. ‘This lake 

is 
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is situated in a country abounding in great geologi- 
cal monuments, which will detain us for some time. 
I shall here collect their principal features from dif- 
ferent parts of M. de Saussure’s Voyages dans les 
Alpes, adding to them occasionally my own obser-— 
vations. The lake, of which .[ am now speaking, 
is that of Annecy; and itis thus described by M. 
de Saussure, § 1162. 


* This lake is about four leagues in length, and 
** one league in its greatest breadth its general di- 
~ rection is from north to south. It is siuiPoUHOGn 
‘on every side by high mountains, excepting near 
“© Annecy ; where the mountains connected with the 
“‘ chain of the Alps terminate, and a series of de- 
"< tached hills commences. All these mountains are | 

“ calcareous. ‘Lowards the middle of the lake there 
igs an island, jomed bya causeway to the main 
“land. This island bears the name of Chateau- 
“ wieur, and is sufficiently large to contain a castle, © 
“< several, gardens, and some fine orchards. The 
“ situation 1s truly romantic; and the diversified 

“‘ prospects offered by it-of the deep and pellucid 
‘“‘ waters of this small lake, and of the abrupt moun- 
“tains by which it is surrounded, although some- 
‘what wild and gloomy, are’ interesting and pictu- 
 resque..... The height of this lake, on taking a mean 
‘‘ between M. Pictet’s observations and my own, is. 
*€ 35 toises above the lake of Geneva.....Its greatest 
“depth, at a place called Boudio, half a league to 
the 8. W. of the town, 1s 180 feet,” 
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164. Here again M. de Saussure, whose imme- 
diate object was to ascertain the temperature of the 
bottom of the lake, has omitted to give any particu- 
lar description of the surrounding mountains; but he - 
elsewhere describes other parts of the same chain. 
Yor my own part, I have only a general recollection 
of the chaotic state of their strata. ‘Towards the 
other extremity of the lake, there is a passage in the 
mountains, which leads to the valley of the Ysere in 
the Tarentaise; and near the upper entrance of this 
passage, called the Col de Lamier, stands a convent, 
the situation of which, amidst mountains of so ruin- 
ous an aspect, is well adapted to its order, being 
that of La Trappe. 


165. The mountains which surround the lake of 
Annecy, separate it, by an interval of four or five 
leagues, from the valley of Naucigny, whence issues 
the Arve, proceeding from the region of Mont 
Blanc. They form the termination of one of the 
most considerable branches from the central chain 

_of the Alps, and are called Les Bornes: they are 
of great height; on one side of them is the recess, 
in which lies the lake of Annecy; between their 
other extremity, which is named AZont Brezon, and 
the mountain Mole, is the entrance of the great . 
valley of Faucigny. ‘The face of Les Bornes, which 
is everywhere precipitous, is divided into many dis- 
tinct eminences; it fronts that side of Saléve, of 
which the strata are inclined towards it, the abrupt 
face of the latter mountain being on the opposite ‘ 
side. These spots, to which our attention is now to 

be 
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be turned, are all indicated in the chart of the lake 
of Geneva, and of the adjacent mountains, which. 
is prefixed to the Vor rane dans les Alpes of M. de 
Saussure. 


166. The broad valley, which lies between the 
lofty and abrupt face of Les Bornes, and the com- 
paratively /ow and inclined side of Saléve, is one of 
the spots which I could wish to point out to those, 
who imagine that running waters have hollowed out 
the vallies, and who must therefore suppose, with 
Mr. Playfair, “ that each branch of a river runs in 
a valley proportioned to its size,” (p. 102.) “and 
“that the same strata are seen on both sides,” (p- 
104.) With regard to this last opinion, although 
the strata are calcareous, both of Les Bornes and 
_ of Saléve, they yet differ greatly in many respects. 
Those of Les Bornes, belonging, like those of Meil- 
lerie, to the calcareous strata of the external chains 
of the Alps on that side, are of a brownish grey; . 
while those of Saleve, which belongs to the chaims 
of Jura, are generally, like the latter, of a yellowish 
white. As to the valley itself, although it is very 
broad, there run through it only a few scattered ri- 
vulets, which proceed immediately from Les Bornes | 
and Saléve, and flow into the Arve; for this part of 
the valley gradually rises, as far as Annecy, where 
another declivity begins in the opposite direction ; 
the waters on that side discharging themselves into 
the Rhone, much below where it receives the Arve. 
Such a partition of waters indicates one of those 
boundaries of systems, which I mentioned in my 

third 


71 
~ third Ietter to Dr. Hlutton. This division of waters, - 
like many others, is situated in a valley; and it is 
evident that its place cannot sensibly have: changed, 
since the birth of our “continents, as the streams, 
being only nascent, are there, at the minemum of 
tlodite action. Ishallnow proceed in M. de Saussure’ “ 
descriptions, yaaa 


-“ Opposite Bonne-wille and the Mole, on the other 
*¢ side of the Arve, is a calcareous mountain, called 
*‘ the Brezon. I have twice or thrice ascended its 
* summit. The most elevated of its rocks are quite 
“ perpendicular; they rise to a very great height 
“towards Bonne-ville, and form a frightful preci- 

“nice. In, order to view it without clones I lay 
“down on the rock, and brought myself peewee by 
“ degrees, till my head projected beyond the brink 
“of the precipice. By taking this precaution, we 
“‘ may accustom ourselves to look down without fear | 
“ or giddiness into abysses of the greatest depth.” 


167. This may serve to give an idea of the form 
of a great many of the mountains in those chains. 
The section here has been on the side next the Arve, 
and that river, although it flows at a considerable 
distance, might yet be supposed, in the course of 
millions of years, to have cut this passage between 
the brezon and the Mole; but while the side of the 
latter mountain, nearest to the Arve, descends to-— 
wards the stream in a slope, its opposite side has an 
- abrupt section, similar to that of the Brezon, though | 
no great stream is near it. I was obliged to use M. 

| 6 de 
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de Saussure’s precaution in looking down this latter 
precipice, which is no less frightful than that, of 
which I have given his description above; it being 
‘vertically cut from the summit to the depth of at 
least a thousand feet; its basis consisting only of an 
heap of broken masses of the depressed strata, which 
masses, when viewed from the opposite valley, ex- 
hibit the appearance of hills. The strata of the 
Mole descend so rapidly from this summit towards 
the Arve, that it would be almost impossible to 
ascend the mountain, which’ is covered with grass, 
were it not for the transverse sheep-tracks. When 
I arrived at the summit, I found it so sharp, that I 
could sit on it astride, having one leg on the side of 
the declivity, and the other suspended over the pre- 
cipice. In this posture however, which was only a 
frolic of youth, I did not venture to look down, but 
laid myself, for that purpose, along the slope, and 
gradually advanced my head over the brink. Two 
principal fractures, among others, have produced 
the form of this mountain; ‘from one of them, at- 
tended with a great subsidence of a mass of strata, 
has resulted that part of the valley of Faucigny, to- 
wards which the whole mass of those which form. 
the Mole is inclined. The other fracture having 
happened on the opposite side of the same mountain, 
and being attended with a similar subsidence, a valley 
has been produced there also, but with the heap of | 
ruins which I have mentioned. ‘This last fracture 
has formed a curve, in the concavity of which is the 
sharp ridge of the precipice; but on the side of the 
Mole which fronts the lake of Geneva, part of the 

mass 
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mass of strata has remained; so that, when: viewed 
from thence, the mountain appears in the form of 
an obelisk. I measured its height by the barometer 
at/the highest point, which I found to be 4560 feet 
above the level of the lake of Geneva. The follow-- 
ing is the description which M. de Saussure gives of 
the entrance into the valley of Faucigny, § 445. 


“‘ On leaving Bonne-ville, we crossed the Arve by 
‘a long and narrow bridge, and entered a valley, to 
“which all the great characters of the Alpine val- 
“ lies belong. ‘The entrance into it is flanked by 
“two lofty mountains, the Mole to the north, and 
¥ the Brezon to the south, bearing the appearanee of 
“ two fortresses destined for its dikcnnes The bot- 
“tom of this valley is perfectly horizontal, and. 
“covered with marshy meadows, being watered by 
“the Arve and its tributary rivulets.....[ts direction 
“is nearly easterly; its length, from Bonne-ville. to 

-“Cluse, is about three leagues; and.its breadth, at 
“ the entrance, is scarcely sad a league: it widens 
“ afterwards, but again contracts, as. it approaches 


_» “ Cluse, where it Sine entirely closes.” Do we 


here recognize the “work of the stream,” or the 
* repeated touches of the same instrument,” which 
denote, according to Mr. Playfair, that the existence 
of vallies is to be aacrabed to the waters that run in 
them: f 


'“ Wherever the ground is opened, the bottom 
‘consists of sand, disposed in horizontal strata, 
“and sometimes placed alternately with layers of - 
| | rounded 
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‘rounded stones and gravel. The nature of the 
“soil, and the perfect level of the surface of the 
* valley, make it evident that this bottom has been 
“formed by the accumulation of the deposites of 
“the Arve ; and that this river, or the current occupy- 
“ing its place, has formerly run at a much higher level: 
* than it does at present, since it must have filled; 
“the whole of the valley, of which it now occu-— 
“nies so very small a part.” In this first volume, 
M. de Saussure advances several opinions, which 
subsequent observations have since induced him:to — 
relinquish. ‘The current no doubt levelled. the 
bottom of the valley, and must consequently have 
pervaded the whole of it; but this could have taker 
place at different times only, and while the waters 
were still employed in bringing down the quantity 
of rubbish, which they found in their upper channels: 
they then held a vagrant course, among their own 
deposites, as is still the case with some rivers: but 
smee they have almost ceased to bring down with 
them any other materials than dust and small gravel, 
and-smée the valley has been inhabited, it has be- 
come easy to restrain the course of the stream, 1 
order to improve those parts of the bed of the lied 
which so far from being lowered, have been raised — 
by the accession of the alluvial soil; a cir cumstance,. 
which, in all the inferior vallies, has universally: taken 
place. | 


“The road leading to Cluse is very beautiful ; 
‘for the space of a league it forms a rectilineal 
and horizontal causeway; but afterwards, the Arve 

, “« shaping — 
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“ shaping its course towards ‘the mountains on the 
“right, the road passés over the debris which are 
* accumulated at the feet-of the rocks. ‘These debris 
‘ are for the most part calcareous ; they nevertheless 

“ are mixed with granite and other primary stones, 

“ transported thither by the same revolutions, which 


“have dispersed similar fragments in the. environs 


€ 


‘‘ of Geneva; for the, adjacent mountams, are ,all 
“ caleareous, and the primary are still very distant. 
TIS After having proceeded about three quarters of 
“a league along the foot of the mountain, we agam 
“ descended into the horizontal valley... We» passed 
“through the large village of Svongy, where the 
L sintearsaitel du eccohias to whom it belongs, have 

‘a house, which is easily recognized, from its. be- 

“in@ the best inthe place. ‘The road leading from 
““ Siongy to Cluse, a distance of half a league, 3s 
‘extremely pleasant; this valley, like that/of Ta- 
“‘ ninge, produces the finest oaks inthe country... On 


. the left of this small plain, an <ancient,castle, 


“erected on the summit of an zzsulated rock, the 
“foot of which is covered with trees, forms. an in- 


as ndvctating object in this very delightful ‘and: gett 


pagoaee aa : 


¢ With ror aa to Pee structure of the mountains 
_ A 


-“ which border this valley, and their correspondence 


“ with each other, I shall first observe that, although 
“ the Mole and the Brezon, placed on the. opposite 


“ sides of its entrance, are of the same height, and 
“are both calcareous, there is yet no other resem- 


a lance: between them. In the colour and quality 
of 
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“ of the stone, the general form, the structure and 
position of the strata, they are altogether different. 
“ The dissimilarity is even greater between the other — 
“ mountains which enclose this valley; nor do the 
* salient- and retreating angles in any degree corre- — 
ef Alan But let us enter into some details, and. 

“ first consider the mountains on our right hand; we 
* will next proceed to those on the left. 


““T have already rériathed that Mont Brezon, 
<< which fronts Bonne-villé, has its summit on that 
_ “ side vertically cut. Its strata first obliquely incline 

“ backward, or to the S. E.; and in proportion as 
“ they extend in the Aiea of the valley, their” 
‘“inclination changes, thew declivity increases, and 
“ at last they zzcline forward, or towards the°east. 
* But the foot of this mountain is also, like that of 
“ Saléve, covered with large masses of strata nearly 
‘« nerpendicular to the horizon, leaning against the 
‘body of the mountain; and although the Brezon 
“itself terminates at the distance of half a league 
“from Bonne-ville, yet those strata, which /ean 
-{ against the foot of the southern chain, and thus 
“turn their back tothe Arve, continue to stretch as - 
“ far as the village of Siongy, a distance of nearly 
“two leagues. They are interrupted indeed by a 
‘““ small valley, at the farther extremity of the foot of 
“ the Brezon, but beyond that vacant space thay agam 
asi tie td 


“ This small valley, which opens at the foot of 
ab the Brezon, is narrow and winding ; salient angles, 
2 oppenits 


i ae 
“ opposite to retreating, are there plainly discern- 
‘ible. It leads to the village of Brezon, situated 
“ behind the mountain of that name.” 

168. The difference between these two remarks of 
M. de Saussure, relative to the salient and retreating 
angles, gives me occasion to observe that such a cor 
réspendence frequently takes place in narrow vallies; 
these being commonly the effect of a single fracture 
of the strata, with some inclination backward of one 
of the sides, or of both; but unattended by the sub- 
sidence of any intermediate mass below the level of 
the bottom.. These meetings of salient and retreat- 
ing angles, both often very acute, being generally 
characteristic of a fracture, may be much more na- 
turally assigned to that as their cause, than to the 
serpentine windings of streams, a cause first imagined 
by M. Bourcuer. With respect to the chasms of 
large vallies, their form consists of all those irregu- 
lar. widenings and contractions described by M. de 
Saussure, they having been produced by two frac- 
tures, and the subsidence of the intermediate part, at- 
_ tended with many other catastrophes; such as the frac- 
tures which form the lateral narrow and winding val- 
bies ; and during whichthose masses of strata, detached 
from the sides, were stopped at a certain height, as 
on the border of the basins of lakes, in their fall to- 
wards the part depressed. “To these we may also 
add, as well the islands in lakes, as the insulated 
rocks in, vallies, which are fragments of the broken 
strata, remaining like ruins, elevated above the rest; 
and it is only the rubbish, brought down by the first 

| N currents 
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_ éurrents from the upper vallies, which prevents our 
perceiving the original disorderly state of the bottom 
of those cavities, it being now rendered level by allu- 
vial ground. Narrow and winding vallies are for the 
most part, as I have said, single fractures; however 
in them wide open spaces are sometimes found, which 
are places, where, as in large vallies, some mass of 
strata has sunk down below the level of their actual 
bottom. » Lastly, the large vallies, as well of Jura 
as of the Alps, still evidently exhibit that succession 
of events already described, during which new strata 
of different species were formed over such other 
strata, as had subsided in the first catastrophes; 
after which, at some later period, all these masses 
of strata, even the very lowest, were again fractured 
by fresh catastrophes, and new subsidences took 
place, by which the lowermost strata were brought 
tosight. These again, no doubt, are generalizations; 
but they are formed in the field opened'to us by the. 
descriptions of M. de Saussure, where such details 
may be found, as I know to be correct. We have 
already seen that the island of St. Pierre in the lake 
of Bienne consists of broken strata of sandstone, 
while the abrupt sides of the lake are of limestone} 
this is an example of the last of the above-mentioned 
operations; and another similar to this will be seen 
in the valley cf Faucigny, by continuing ‘to follow 
the able observer who has hitherto ébnabdted us, 
among farther monyments of catastrophes, so strik- 
ingly pA Ay: of the cause, by which both the 
vallies and the eavities of lakes, have been “pro- 
Me eas : 

© Above 
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“ Above this village” (of Brezon) “ lie rich and 
** spacious pastures, interspersed with huts, which 
“are inhabited only during the summer, and are 
“ called Granges de Solaison. In one of these I 
“ usually passed the night, when visiting the Brezon, 
“and the neighbouring mountains. The Granges 
“de Solaison are comarinaie to the 8. E.. by, the 
“ Monts Vergi, a very high calcareous ridge, the 
“summits of which [ have likewise explored ; they 
“are visible from the environs of Geneva, on the 
vee of the Mole. This chain runs from N, E. 
“to S.W. and terminates behind the mountains 
aise border our road on the right. In the envi- 
‘rons of Siongy, the structure of the last mountain 
“ of the chain may be observed; it is very remark- 
H ails Its strata, which are horizontal at the sum- 
‘mit, are bent nearly at right angles, and descend 
“thence perpendicularly on the N. W. side. They 
“appear as if they had been incurvated by some vio- 
*‘ lent power; and in some places they are separated 
“from each other. At the foot of this mountain, 
“on the south of the read, opens the valley which 
“leads to the Chartreuse du Reposoir. On ap- 
“* proaching Cluse, we passed under rocks, the thick 
“strata of which projected over the road. ‘These 
“ rocks are contiguous to a mountain, the pyramidal 
“top of which rises to a great height.” 


168. a. In 4106, I quoted the following remark, 
made by Mr. Playfair, (p. 105.) when speaking of 
defiles among mountains. ‘“ If he,” (an’ observer) 
“ventures to reason concerning the cause of so won- 
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* derful a change, he ascribes it to some great con 
“ wulsion of nature, which has torn the mountain 
* asunder.....It is only the philosopher, who has deep- - 
“ly meditated on the effects which action long con- 
‘S tinued is able to produce,....who sees in this no- 
“thing but the gradual working of a stream, that 
“one flowed as high as the top of the ridge...” 
I shall now observe that ‘ it is only a philosopher,” 
such as I am disposed te consider Mr. Playfair, who, 
having relinquished his first opinion in consequence: 
of such evident phenomena, will have sufficient 
courage to confess his error: nor can he find any 
difficulty in convincing himself of the reality of these 
phenomena; since we shall her eafter see him acknow- 
ledge their true cause. 


**T come now,” proceeds M. de Saussure, “ to 
* the mountains, which, on our left, border the val- 
“ley from Bonne-ville to Cluse. The J7ole is the 
“ most conspicuous of them: we are surprised to 
“* observe this mountain, which, seen from Geneva, 
“has the form of a sugar-loaf, stretching itself in 
“the direction of the valley of the Arve. When 
* viewed from hence, we perceive it to be crowned 
“ with several summits, which, being all on the same 
“line, appear from Geneva to form only one. There 
“is a great chasm. between two of thesé summits, 
“‘ evidently occasioned by the falling in of the in- 
“termediate part; and indeed the debris are found 
“accumulated at the foot of the mountain; they 
“ have formed there a very elevated hill, which is at 
“ preseht covered with vines. The Mole terminates 
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we : f 
“ the junction of the Gzffre with the Arve; its last 
Ane descend rapidh ly into the bed of that small 
‘ river, 


ir The mountains which follow the Mole, and 
“which, in continuation of it, form the southern 
“side of the valley of the Arve, are low, and little 
“ jnteresting to the geologist. One of them, how- 
“ever, is reniarkable on account of its pyramidal 
u * figure, and of its strata, which converge at the 
‘summit, giving it the form of an enehine root.... 
Thus the Tia stretching between flotines ville nd 
“Cluse is hemmed in on both sides by mountains, 
“which are indeed all calcareous, but their forms 
“ are very various and very irregular, and their strata 
*‘ seldom horizontal. The flat bottom of the valley 
“consists of sand, gravel, and rounded pebbles ; 
“and even the hills ioe rise on this bottom are 
“ composed of sandstone,” 


169. This is an instance of what I have mentioned 
above, concerning those masses of strata which rise 
above the levelled bottom of great. vallies; they 
point out successive revolutions, in the intervals of 
which new kinds of strata were formed at the bottom 
of the sea. It is only, then, by a careful observa- 
tion of all the phenomena of these great cavities, 
that “ visible” traces of their cause can Be discovered 
in them; but traces are equally visible in the singu- 
lar association of chains of mountains and ee 
yallies. We have already seen, in the preceding 
descriptions, the extraordinary form and situation of 
Sy the 
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the Monts Vergi, considered with respect to the di- 
rection of the ees of the Arve; other parts of M. 
de Saussure’s work might supply many more instances 
of the same kind; bat I shall confine myself to what 
he says, 4284, of the Vallée du Reposoir, the en- 
trance of which into that of the Arve we have. seen 
him indicate, at the foot of the at eminence of the 
Monts Vergi. 


‘‘ Behind the Monts Vergi,” he says, “ there is 

* another valley, which is not visible from the Mole, 
although it is of some width, In this valley is si- 
i i ates the Chartreuse du Reposoir.....Beyond. it” 
‘rise very lofty mountains, which are still calcare- 
Ohh and which turn their steep side towards the 
‘central chain of the Alps. The Vallée du Repo: ; 

‘ soir then separates the chains belonging to the in- 
** terior of the Alps from those ici iene to the 

- © external ridges..,.. Above the convent, on the ‘side 
** next the interior of the Alps, a calcareous summit,. 
“of a very great hemght, and quite caccessible, 
at ee the eye; it rises in a thin sheet, like a crest, 
above the point of a rock, itself of considerable - 
ja ane This crest is perforated near its western 
“edge. The aperture may be discerned from the 
“ convent with a telescope, or even without one, by 
* those whose sight is strong. ‘This summit is dis- 
* tinctly seen from the top of the Mole, and even 
* from our plains: it is likewise visible from the in- 
*‘ terior of the Alps, to the N. W. above Salanche. 
“The chain, of which it forms a part, becomes gra- 
W dually lower as it tends towards the valley of the 
) . Arve, 
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“ Arve, and terminates above the town of Cluse, as- 
“may likewise be seen from the top of the Mole.” 


170. When .these characters of the chains of 
mountains and their vallies shall. have. been more 
noticed, in those regions, which, for some time past, 

have been so,much frequented, they will show, more 
forcibly than any other instance, how far the judg- 
ment may be misled by prejudices. It would be 
impossible to assign any other cause to so many the- 
ories_of the earth, in which it is still maintained that 
the vallies have been scooped out by the running 
waters. '. Such theories have rendered it very neces- 
sary to collect within a small compass some of the 
descriptions dispersed in M. de Saussure’s travels, in 
order to induce the future visiters of those mountains 
to fix their attention on these important objects. I 
shall however conclude this selection of facts, by 
the description of the lake of Bourget, the last of 
those which I had announced, and I shall then re- 
sume the great subject-of lakes, with a particular 
view to the explanations which Mr. Playfair has 
endeavoured to give of them. The following are the 
words of M. de Saussure, § 1170. ! 


“ An excursion to the lake of Bourget is a fa- 
“ vourite amusement with those who drink the wa- 
“ters at Air, (in Savoy.) Visiters often cross this 
“ lake in boats, for the purpose of seeing the dbdbaye 
“ d’ Haute-combe, and an intermittent fountain, which 
“ issues from a rock near the Abbey, in a very in- | 


* teresting spot. In the month of October, 1784, 
| I 
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“I observed the temperature of the bottom of the 
“lake. Its deepest part, I am told, is at the foot 
“ of a rock, which dips very rapidly into the lake, 
‘¢ below the castle of Bourdeaux. This castle stands 
** nearly opposite to dir, on the other side of the 
“water. At this place I let down my thermometer, 
* at about 200 paces from the bank, and it reached — 
“fa depth of 240 feet......This lake is ‘scarcely two 

** leazues in length, and is from half to three quar- 
“ters of a league in breadth. It communicates 
*‘ with the Rhone by a canal, which, according to 
*‘the relative height of the waters of the lake ‘and 
“ of the river, sometimes discharges the waters ‘of 
the Rhone into the lake, and sometimes those of 
* the lake into the Rhone..... Being desirous to ascer- 
tain with precision the depression of this lake be-— 
“low that of Geneva, I made, in the month of 
** August, 1790, forty-three observations with the 
** barometer at Aix, while M. SENNEBIER made cor- 
** responding observations at’ Geneva. Ii have taken 


*“ this lake is 76 toises below the level of the lake 
* of Geneva.....While my thermometer was in the 
* water, I inspected the rocks which-border the lake 
“ to the westward; they consist of a compact calca- 
“f reous stone, or coarse marble, in which are found, 
* though rarely, fossile shells, such as cormwa ammo- 
ms. Their strata are dipping towards the lake; 
the rock, opposite to which I placed my thermo- 
** meter, makes an angle of from 50 to 60 degrees 
** with the horizontal plane: another great rock more 
“to the north, called Grateloup, has an inclination 
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“ of 40 degrees. It is very probable that these - 
“rocks were not formed in so inclined a position! 
«I am induced to believe that their base has sunk, 
and that this depression has produced the basin 
“which is now occupied by the lake of Bourget.” 
-M. de Saussure here makes this remark, with a view 
to retract the opinion which he had expressed in his 
first volume, that strata strongly inclined might have 
been formed in that situation. 


171. I could add to the above many other de- 
scriptions given by the same excellent observer of 
the mountainous tracts surrounding the lakes, and 
of the connexion subsisting between the latter and 
the phenomena of vallies; from all which useful in- 
ferences might be drawn; but I shall confine my ex- 
tracts to dhiose precise and striking details, which 
sufficiently evince, against Mr. Playfair’ S opinion, 
_ that the lake of Genbee is not an “‘ exception” to 
other lakes, in respect of the chronometrical phe- 
nomenon of the alluvial land formed by the Rhone 
at its entrance into it: that the cause of the produc- 
tion of its cavity is not Joca/, as he has imagined, 
but is the same’to which that of the basins of all 
other lakes, and of all vallies, is to be assigned: 
and that this is not, as he thinks, a ‘‘ case,” where, 
in consequence of the deficiency of. ‘ viseble causes,” 
-we are “ warranted by the rules of philosophical 
“ investigation” to form an ‘ hypothesis,” for the 
sole purpose of explaining it. For the effects of the 
cause” which has produced the lake of Geneva, 
together with all similar phenomena, are plainly 

“* visible ;” 
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“ visible;” and in order to be convinced of this, it is 
not even necessary to have recourse to an actual ob- 
servation of the phenomena themselves, since we are 
in a manner transported to the spots by the accurate - 
descriptions of M. de Saussure. I would even con- 

teat myself with referring Mr. Playfair to the wgwette 

in the title-page of the third volume of the Von YAges 

dans les Alpes, which is that whence I have taken- 
the above descriptions, where he would see a part. 
‘of the lake of Afont Cenis, with the vertical strata, 

which surround it, dipping in its waters; and likewise 

the rocks, which tower above it, and which I have 

also observed. When spots like these, so frequently 

met with in the upper parts of high mountains, are 

attentively examined, it 1s impossible not to be con- 
vinced that basins of lakes, as well as wallies, are ne- 
cessary effects of the catastrophes which the strata 
have undergone. 


172. Returning now to Mr. Playfair, the subject, 
to which his subsequent observations will introduce 
us, must excite some surprise; for we shall find him 
there himself describing the real cause of the exist- 
ence of vallies and the basins of lakes, absolutely 
unconnected as it is with his hypothesis of the waste. 
occasioned by running waters, and of a dissolution 
of saline strata. It should seem then that I might 
have contented myself with the argumentun ad ho-~ 
aminem, which he will thus afford me; but besides 
that, not considering the present examination in. the. 
light of a controversy, I lay no stress whatever upon 
such arguments, the generalizations, given. by Mr. 
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Playfair, of the phenomena aS to this new sub- 
ject, do not fix them with the same degree of cer 
tainty and precision, which result from M. de Saus- 
sure’s, descriptions, united with the circumstances, 
which, from my observations, I have had occasion to 


add. We are going to enter here upon a new field, 
both of natural philosophy and of natural, iustory, 


which the discussion of the opinions of Mr. Playfair 
and Dr. Hutton will render of great importance to 
Geology in general. The passage of Mr. Playiair’s 


work, immediately following that which has led me 


into so many details, a passage no less requiring our | 


attention, begins thus, in § 327. 


oH Another circumstance may. also influence the 
generation and preservation of lakes; but it is also 
one with. which we are but Little acquainted. The 
strata, and indeed the whole mineral substances 
which forms the basis of our land, have been 
raised up from the bottom of the sea, by a pro- 
gress that should seem in general. to have been 
gradual and slow. Appearances, however, are 
“not wanting, which shew, that this progress is not 
“* uniform ; As that both rising and sezking in the 
“© surface af the land, or ia the rocks which are the 
“base of it, have happened within a period of time, 
“which. is by no means of great extent. In this 
“ progress, the elevations and depressions may not 
“be the same for every spot... They may be partial, 
; OF one part of a stratum, or body of strata, may 
‘ rise to a greater height, or be more depressed, than 
“ another, It is not impossible, that this process 
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“may affect the depth of lakes, and change the re 
** Jative level of their sides and bottom.” 


173. This passage will suffice for the introduction 
of the subject: what follows is the developement of 
the hypothesis that partial depressions have concurred 
with a gradual elevation of the land in the produc- 
- tion of our continents; an hypothesis whereby Mr. 
Playfair endeavours to show a cause of uncertainty, 
with regard to the period of the formation of lakes. 
Here then we have one attempt after another to fur- 
nish an explanation, which ought to have been evi- 
dently established, before the opinion of the excava- 
tion of vallies by running waters had been main- 
tained: and hence alone, independently on the facts 
whicn I have adduced above, it might appear how 
chimerical this theory must necessarily be. With 
respect to these alternate elevations and depressions 
of the-land, it will be seem hereafter, when I shall 
come to the objection which I had opposed to the 
theory of elevation, in my Lettres sur ? Histoire de 
la Terre et de 0 Homme, that they serve only to 
increase the force of that objection; I shall not 
therefore enlarge upon the subject in this place. I 
shall also abstain from dwelling upon that which I 
had fully shown in my first letter to Dr. Hutton; 
viz. thnt this operation is laid the more open to the _ 
same objection, by his fundamental theory of the 

elevation of successive continents, on the same parts 
of the globe. But these accessory points are con-_ 
nected with the general and most simple hypothesis 
of elevation, which is still maintained by other geo- _ 
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logists, viz. that the existing continents have been 
* yaised up” from the bottom of the sea. I shall 
therefore confine myself to this leading point, in the 
fate of which all its accessories will be involved, 
For this purpose, I shall go back to §42 of Mr. 
Playfair’s work, where, after having described those 
phenomena, respecting which we both agree, in the 
state of our mineral strata, which, though they all 
‘were originally horizontal and continuous, we now 
find often incurvated, and most generally fractured, 
with different degrees of inclination, and even in 
some. cases quite vertical, he thus proceeds: 


*« The highly inclined position, and the manifold 
- * inflexions of the strata, are not the only proofs of 
“‘ the disturbance that they have suffered, and of.the 
““wiolence with which they have been forced up from 
“ their original place. ‘Those interruptions of their 
“* continuity which are observed, both at the surface 
“ and under it, are evidences of the same fact. It 
“is plain, that if they remained now in the situation 
‘in which they were at first deposited, they wonld 
“never appear to be suddenly broken off. No stra- 
“tum would terminate abruptly; but, however its 
*“ nature and properties might change, it would con- 
* stitute an entire and continued rock, at least where 
“*« the effects of waste and detritus had not produced 
- “aseparation. This, however, is very far from be- 
** ing the actual condition of stratified bodies. ‘Those 
~ © that are much inclined, or that make considerable - 
“* angles with the horizontal plane, must terminate 
** abruptly where they come up tothe surface. Their - 

doing 
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: doing g0 Is a necessary consequence of their posis 
“tion, and furnishes no argument, it may be said, 
* for their having been dihurbed different from that 
“which has ae alr eady deduced from their incli- 
“nation. “There are, however, instances of a breach 
“of continuity inthe strata, under the surface, that af- 

* ford a proof of the violence with which they have been 
tt displaced, different. fron any hitherto mentioned, 
©Of this nature are the sips or shifts, that SO. often 
“perplex the miner in his subterraneolis journey, 
ee which change at once all those lines and bear- 
“ings that had hither to directed his course. When 
eh mine reaches a certain plane, which is some- 
“times perpendicular, sometimes oblique to the ho- 
“yizon, he finds the beds of rock droken asunder, 
“those on the one side of the plane having changed 
* their place, by sliding in a particular difectt®R ng 
“the face of the others. In this motion they have 
“sometimes preserved their parallelism, that is, the 
“ strata on one side of the slip continue parallel to 
“those on the other; in other cases, the strata on 
“each'side become zxclined to one another, though 
“their identity is still to be recognised’ by their. 
© possessing the same thickness, and the same 
“ internal’ characters. These shifts are often of 
“ oreat extent, and must be measured. by the quan- 
“tity of the rock moved, taken in conjunction with 
“i ne: distance to which it has been carried. In 
“some instances, a vein is formed at the plane of 
“the shift or slip, filled with materials of the kinds 
“ which will be hereafter mentioned; in other in- 
“ stances, the opposite sides. of the rock remain con- 
—“tiguous. 
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he, tigtious, or have the interv al bétiween them filled 
% ith soft and unconsolidated eaith. All these are 
the undeniable effects of some ereat convulsion, 
“which has shaken the very foundations of the earth. 
...fhe production of the appearances now de- 
erie. belongs, without doubt, to different pe- 
-riods of time ; and, where slips intersect one another, ' 
we can often distinguish the less from the more 
“ancient. "They are all, however, of a date posfe- 
rior to that at which the waving and wndulated 
forms of the strata were acquired, as they do not 
carry with them any marks of the ‘softness of the 
‘rock, but many of its complete induration... 
“Though such marks of eciolence as have been now 
éénainerated are common in some degree to all the 
“strata, they abound most among the primary, and 
“point out these as the part of our globe which has 
“been exposed to the greatest vicissitudes. At their 
“junction with the secondary, or where they emerge, 
as it were, from under the latter, phenomena occur, 
which mark some of those Tooidice with asto- 
nishing precision..... Where the primary sehistus 
rises in beds almost vertical, it is” (sometimes) 
covered by horizontal layers of secondary sand- 
“stone,” (or calcareous stone,) “‘ which lasé are pe- 
“netrated by the itregular tops of the schistus, and 
also involve fragments of that rock, some angular, 
“others round and smooth, as if worn by attrition.” 
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174. To theaccuracy of these descriptions of pheno- 
mena, and to the general conclusion drawn from them,- 
viz. that they can te ascribed only to “some great con- 

“ wulsions,” 


* wulsions,” I give.a perfect assent. But what was the 
nature of those ‘“ convulsions?” And what motions 
of the strata did they produce? It is indeed evident 
that the relative level of the fractured masses of 
strata has been changed; but were these revolutions. _ 
effected by the elevation of the highest of the masses, 
or by the subsidence of the lowest? Such is the 
question at which we must ultimately arrive. I shall 
not, therefore, dwell upon the passages immediately 
following, in which Mr. Playfair attempts to explain, 
by the theory of elevations succeeded by depressions, 
the last phenomenon which he had mentioned; name- 
ly, that of new strata formed on the ruins of the 
former; for this again is only ‘an accessory circum- 
stance, the application of which depends on the — 
principal question. I shall therefore pass on to §45, 
where he states his reasons in favour of the theory 
of elevation, as opposed to that of subsidenee. 


“On the whole, therefore,” he says, “ by com- 

*‘ paring the actual position of the strata, their 
“ erectness, their curvature, the interruptions of their 
“ continuity, and the transverse stratification of the 
“secondary in respect of the primary, with the re= 
‘oular and level situation which the same strata 
“must have originally possessed, we have a com- 
“ plete demonstration of their having been disturbed, 
“torn asunder, and moved angularly, by a force 
- that has, in general, been directed from below up-— 
** wards. In establishing this conclusion, we have » 
“ reasoned more from the facts which relate to the 
“ angular eleoation of the strata, than rom those 
“which 
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_“ which relate to. their adsolute elevatien, or their- 
“translation to a greater distance from the centre 
‘of the earth. This, has been done, because the 
‘‘ appearances, which respect the absolute Uiftimg 
‘wp of the strata are more ambiguous than those 
** which respect the change of their fom ale position. 
_ “ The former might be accounted for, could they be. 
“ separated from the latter, in ¢wo ways, viz. either 
by the retreat of the sea, or the raising up of the 
“land; but the latter can be explained only in one. 
“way, and force us of necessity to acknowledge the 
‘* existence of an expanding power, which has acted 
- © on the strata with incredible energy, and has been 
2 directed from the centre towards the circumfe- 
“pence” 


174, a. This proves only that Mr. Playfair has 
paid no attention whatever to my first letter to Dr. 
Hutton, in which this subject was treated. For, in 
the first place, the angular motion of the strata, that 
is to say, the whirling of the ruptured and separated: 
masses, by which the strata, originally horizontal, 
‘became inclined, and even vertical, is no doubt a 
fair criterion of the respective merits of the two the- 
ories; but we shall find that it will prove fatal to 
that of elevation. With respect to the other theory, 
which is mine, it is evident that Mr. Playfair is un- 
acquainted with it. For, though I ascribe the ex- 
istence of our present continents to the subsidence, — 
not of the bed of the ocean, but of former conti _ 
nents, the place of which the sea now occupies at a 
lower level, yet I do not ascribe to this revolution | 
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those catastrophes of our strata, of which we now 
observe the effects. And ‘here again, Dr. Hutton’s 
theory, referring all these phenomenato'the act of 
elevation, its advocates are reduced to the necessity 
of having recourse, first to elevation, ii orderto ac- 
count for the rupture and displacing of the primitive 
strata, and then to partial depressions, for the pur- 
pose of again reducing some parts of them under 
the level of the sea, there to receive the secondary 
strata. J have passed over the passages in: which 
this is expressed by Mr. Playfair,’ smmce Ido not 
stand in need of the arguments with which: they 
would have furnished me against the doctrine si 
elevation. 

175. Secondary strata, incumbent, not only on 
primitive, but also on such antecedent secondary 
strata, as had already undergone their first catastro- 
phes, and.contained the remains of marine animals, 
were surely formed in the sea, as Mr. Playfair like- 
wise maintains. These catastrophes, however, were 
much less considerable than those which took place. 
after the formation of ‘the latest of the secondary 
strata, consisting of a certain species of sandstone: 
I have pointed out above some monuments of these 
effects in M. de Savssure’s descriptions; and others; 

still snore characteristic, of which it is not yet time 
to-speak, concur in proving that all these catastro- 
phes happened, while our strata constituted the bed 
of the ocean. It was there that those subsidences 
took place, by which the strata were fractured, and 
the angular movements ideieeek which, in so many 
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cases, placed them upright upon their edges; ‘and 
there the masses remaining ‘at a higher level -had 
room afforded them ‘to ‘turn in’ the’empty spaces; 
left by. those which’ had sink lower: the. necessity 

of which spaces to: such movements’ will evidently 
appear to be absolutely subversive of tlie whole ‘the- 
ory of elevation.” But here I ‘shall first remark; iff 
conformity to what I have before afinounced, that, 
in the above description, Mr. Playfair has himself 
indicated a cause, adequate to the existence of val- 
lies, and of the basins’ of lakes, and corréspondent 
with all their phenomena, without any want of thosé 
other causes, to which he has had recourse. «The 
angular movements, pointed out’ by him, aré real ; 
but he has not considered what those masses are, By 
which they have been undergone ; they are the very 
masses which form chains of mountains; as may be 
seen in M. de Saussure’s descriptions. Now how 

could such masses have possibly suffered these angu- 
Jar movements, without leaving between them: the 
intervals called vadllies, while those parts of them 
which were still more depressed became the basins of 
lakes? Hence it is, that, on examining the bottoms 
of vallies, we everywhere find, that, far from having 
been hollowed out by running waters, they have, on 
the contrary, ‘been raised by the debris brought down 
by streams; and that there, as well as at the entrance 
of rivers into lakes, we perceive large fragments of 
strata, rising above the rubbish whee the waters 
have spread over the surface. This origin of the, 
vallies equally belongs to both the rival theories, that 


er the elevation of the highest parts, and that, of the 
04 depression 
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depression of the lowest; for both will equally well 
explain the fact, that it is by the “ angular motions” 
of masses, capable of forming chains of mountains, 
that vallies haye been left between them. This is 
not then, as Mr. Playfair supposes it, an immediate 
criterion of these theories; but it will, nevertheless, 
afford one, as will be seen in the examination, to: 
which I shall now proceed, of the theory of eleva- 
tion, coundert in itself, 


176. All the geologists, who have adopted this 
theory, have had recourse to the agency of heat; 
supposing its action, however, to have been analo- 
gous to volcanic operations, and to have been exerted 
only once, for the purpose of forcing up our. conti- 
nents above the level of the sea; whereas, according 
to Dr. Hutton’s theory,’ the globe has a constant in- 
ternal heqt; and to this heat he ascribes, in the first 
place, the consolidation of the mineral strata, pro- 
duced, as he supposes, from the detritus of preced- 
ing continents, ‘This hypathesis, therefore, will lead 
us to some interesting discussions, on subjects of 
hoth natural philosophy and natural history, which 
are introduced by Mr. Playfair in § 46, after what 
we have seen him adduce as a proof pf “ the exist- 
““ ence of an expansive power, which has acted on the 
“ strata with incredible energy, and has been directed 
* from the centre toward the circumference,” 


“When we are assured,” says he, “of the exist- 
** ence of such a power as this in the mineral regions, 


we should argue with singular inconsistency if we - 
did 
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“ did not ascribe to it all the other appearances of 
“ motion in’ those regions, which it is adequate to_ 
“produce. If nature in’ her subterraneous abodes 
“ is provided with a force that could burst asunder 
“the massy pavement of the globe, and place the 
“ fragments upright upon AP edges, could she not, 
‘by the same’ effort, razse hel from the greatest 
‘depths of the sea, to the highest bid HGat" of the 
“land? The cause that is sdaguite to one of these 
“ effects, is adequate to them both together; for it 
~“ is a principle well known in mechanical philoso- 
phy, that the force which produces a parallel mo- 
“tion, may, according to the way in which it is 
ry “applied, produce also an angular motion, without | 
“any diminution of the former effect. It would, 
therefore, be extremely unphilosophical to suppose, 
that any other cause has changed the relative level 
“of the strata, and the surface of the sea, than 
© that which has, in so many cases, raised the strata 
“from a horizontal to a highly inclined, or even ver- 
‘€ tical situation: it would be to introduce the action 
“of more causes than the phenomena require, and 
“to forget, that nature, whose operations we are 
“endeavouring to trace, combines the possession of 
infinite resources with the most economical gon 
“cation of them: 


“ From all, therefore, that relates to the position 
‘of the strata, I think I am justified in affirming, 
‘that their disturbance and removal from the place 
of their original .ormation, by a force directed 
re bad ‘hess upwards, ig a Poni in the natural his- 
) tory 
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tory of the earth, as perfectly ascertained as any 

“ thing which is not the subject of. immediate obser= 

“wation. As to the power by which this great effect 

“has been produced, we. cannot expect to decide’ 

“ with eguad evidence. but must. be contented to pass 
from what is certain to what i is probable. We 

“ may, then, remark, that of the for ces in nature to 

a dais our experience does in any degree extend, 

‘none. seems SO capable of the effect we neu 

“ ascribe to it, as the expansive power of heat; 

“power to. which xo limits can be. set, and one, 

“ which, on grounds quite independent of the eleva- 
£. tion of the strata, has been already concluded to 
“ act with great energy in the subterraneous regions. 
“We haye, indeed, no other alternative, but either 
“to adopt this explanation, or to ascribe the facts in 

panestan tu some secret and unknown COUSE, though 

‘we are ignorant of its nature, and, have. BO Evie 
“* dence es its existence, .. hate 

‘Weare fae to suppose, that the power of 
* the same subterrancous heat, which consolidated 

* and mineralized the strata. at. the bottom of the 
« sea, has since: raised them up to the height. at 
*¢ which they are now placed, and has given, them 
fi ae various iclinations to the horigon which: they 

‘are found actually to possess. — . 

‘ The probability a this hypothesis will be Aiiiy 
increased, when it is considered, that, besides 
** those now enumerated, there are other indications 
of movement anong Pe bodies of the mineral 

3 kingdom, 


‘“‘ kingdom, where effects of heat-more characteristic: 
“ than simple expansion are clearly to be discovered: 
“ Thus, on examining the marks of disorder and 
“ movement which are found among the strata, it 

“cannot fail to be observed, that cinta aehiatatiditis 
“ the fracture and dislocation, of which they afford 
‘so many examples, there are few empty spaces to 
“* be met with among them, as far as our observation 
“extends. The breaches and separations are’ nu- 
‘¢ merous, and distinct; but they are, for the most: 
“part, completely filled up with minerals of a kind 
“ quite different from the rock on each side of them, 
‘and remarkable for containing no vestiges of stra« 
‘“ tification...We are thus led to consider the aastra- 
tified fossils, the second of the divisions into which 
‘¢ the whole mineral kingdom, viewed geologically, 
“ought to be distinguished: These fossils are. im- 
“‘ mediately connected with the disturbance of the 
“ strata, and appear, in many instances, to have 
‘‘ been the instruments of their elevation,” 


| 177. Such is Mr. Playfair’ statement of the Hut~ 
tonian theory: every thing Im it is presented as sus-' 
ceptible of rigid SEE ie and «this circum~ 
stance will render its discussion highly interesting, 
on account of thé several objects to which it will 
Jead us, when these objects shall have been fixed, 
by an analysis of the above exposition. It may al- 
ready be understood why Mr. Playfair: omits all 
mention of my objections against that theory; those 
who suppose, as’ he does, that the propositions of 
the theory maintained are supported by direct proofs, 
must 
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must necessarily consider all odjections against it as 
frivolous, and not worth the trouble of discussion. 
A similar motive might actuate me also; but it shall 
not withhold me fr om a due examination of the fore- 
going passages. 


178. Every thing in the above statement depends. 
on two propositions, which Mr. Playfair considers as 
separately demonstrated, and which, concurring in 
the same point, must thus serve to establish it on the 
most solid foundation: one is, that our contents 
have been raised up from the bottom of the sea; 
the other, that the mineral strata, of which they are 
composed, have been. consolidated by a great heat. 
The pretended demonstration, given by Mr. Playfair 
of the former, is as follows. ‘“ The appearances 
‘‘ which respect the change of the angular position 
“of the strata can be explained. only in one way, 
“‘ and force us of necessity to acknowledge the ex- 
“ istence of an erpanding power, which has acted om 
© them with incredible energy, and has been directed 
‘« trom the centre toward ehe circumference.” ‘There 
is, however, another “ way” in which they may be ex- 
plained, though it is here so peremptorily excluded; 
and that is the swbsidence of the lowest parts. Mr, 
Playfair would have been justified in rejecting it, thus 
as of course, if it supposed the angular movements obs. 
_served in the strata to have idgouipdtticd that sinking, 
which gave birth to our continents; but I have shown 
above that such a representation of my. theory was er- 
roneous, and proceeded solely from his not having con- 
sidered what I had said on this subject in my first let- 

ter 
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ter to Dr. Hutton... Now, with regard to an “ effect”. 
which has been explained in “ ¢wo” different “ ways,” 
especially when it is acknowledged “ moé to be” the 
‘“ subject of immediate observation,” it surely is not 
allowable to decide on the certainty of one of those 
-“Cways,” until we have given an exposition of the 
other, and even discussed the arguments adduced in 
its favour by those who have adopted it. If Mr. 
Playfair had done this, which certainly was but rea- 
sonable, he would have become aware of the error, 
into which he had fallen, as I have remarked above, 
with respect to my system, and would have been 
obliged to look for some other demonstration of his 
own theory. 

179. I had also explained in what manner the 
-subsidences of the strata had been produced, to- 
gether with all the ensuing consequences, as mani- 
fested by the phenomena; the whole of which formed 
a complete system: while, with respect to his own 
hypothesis, Mr. Playfair says only: “ As to the 
_ © power by which this great effect has been produced, 
“we cannot expect to decide with equal evidence.” 
Now this is saying very little, considering that the 
whole: theory rests on that point. However, from 

this expression, it is natural to expect that :he will at 

- east establish the probability both of the existence 
of that “ power,” (an ztense heat, as he supposes,) 
and of a certain mode of its action. It is therefore 
with a view to that point that I shall proceed to ex- 
amine what he says on these objects. With regard 
to the first, namely, the eristence of the power sup-- 
posed, 
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posed, he does not ground it upon any phenomenon 
connected with the act of elevation; -he infers: it 
from: one, which bears no kind of relation to» it, 
namely, the solidity of the greatest part of the mi- 
neral strata, the consolidation of which he:supposes: 
to have been produced by an w¢tense heat. .Vhus, 
nin speaking of this power, as having “ burst 

“asunder and raised uP the massy pavement of the. 

“f-slobe,” he calls it, “a power, which, on grounds ' 
« quite intlependent of the elevation of the. strata, 
“‘ has been already concluded to act with greatiener= 
‘f gy in the subterraneous regions.” ‘This constitutes 
the whole of his demonstration, which I shall con- 
sider in due order; when it will be seen to rest 
only on that hypothesis respecting the origin of our 
strata, which deduces them uit ea the iledr itus of 
other continents. 


180. The following, therefore, is the progress of 
these pretended demonstrations.—Our mineral strata 
were produced from the materials of ancient conti= 
nents previously destroyed.—But. such materials 
could be consolidated only by fusion, at a degree of 
heat capable of producing :that efect.—Therefore, 
an excessive heat exists in the interior parts of the 
globe. Such is the kind of: demonstration, whence 
Mr. Playfair deduces the following inference: “When - 
“ we are assured of the existence of such a power... 
“‘ we should argue with singular inconsistency if we 
** did not ascribe to it all the other appearances of 
“motion in those regions, which it is adequate ta 
“ produce.....We are therefore to suppose that the 

: © power 
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“ power of the same subterraneous heat, which has 
“ consolidated and, mineralized. the) strata at. the 
‘ bottom of the sea, has.since raised them up.” It 
is therefore evident that the whole of this demon- 
stration is grounded on the supposition, that our mi- 
neral strata were produced from the materials.of 
continents which had been destroyed 3 and this having 
an immediate reference to the.origin of our strata, a 
most important object in geology, I) shall presently 
examine the above explanation of their existence, 
comparing it with that, which these geologists re- 
ject. 


181. The continuation, however, of this analysis, 
will offer us a previous object of thorough examina 
tion. The “ power” here supposed of fusion is still 
not a power of elevation; the intermediate idea of 
evpansion is wanting. On this subject Mr. Playfair 
contents himself with saying, that “ the expansive 
*« power of heat is a power to which xo Limits can be 
“ set.” » Now this is saying nothing, unless the mode 
be explained in which ‘this power is exerted; but 
Mr. Playfair leaves that for others to investigate; to 
which investigation I therefore must proceed. It can- 
not be by the dilatation of solids or liquids; for, with 
respect to them, the effects of heat are confined to 
very narrow “ limits ;” it liquefies solids, and reduces 
- kiquids to vapour. Now, when heat. produces this 
last effect, or, in general, when any expansible fluid 
results from it, its ‘‘ power” may indeed be considered 
as not having any assignable “ damit; but it is the 
fluid itself, not heat immediately, which exercises 
3 that 
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that power, in proportion to its ‘density, the increase 
of which may be really looked upon as wnlimited. . 
This therefore may be, and probably is, the sense. 
which Mr. Playfair affixes to his words; but they do. . 
not express it; and perhaps he has Boiepaldly kept. 
it out of sight, because it is on this only really pos-. 
sible sevse that my objection is grounded. It could 
- be only, I repeat, by an extreme density of some er- 
pansible fhad, that such a mass as that of our conti- _ 
nents could have been raised from the bottom of 
the sea; but the moment that this power had frac-_ 
tured the mass, the greatest part of the fluid would 
have made its escape through the openings; and its 


power being thus spent, the fractured mass would — - 


_ necessarily: ee fallen down again in ruins to the 
depths of the ocean. This would have been the in- . 
evitable consequence of the raising up of our conti-~ 
- nents, by such a power; and as a peremptory refu- 
tation of the theory, it remains for me to show, that, 
though Mr. Playfair avoids expressing it, such was, _ 
powevek Dr. Hutton’s conception of the effect of _ 
heat: this I shall do by quoting his own expressions, ie 
after Beene made another previous remark, . 


182. Although Mr. Playfair aie no 5 eeprese ii 


mention of my objection to Dr. Hutton, he seems to _ ; 


have it in view in the following passage of his state- 
ment: “ The breaches and separations are numerous’ 
“and distinct; but they are, for the most part, 

“completely filled up with minerals of a kind quite 
“« different from the rock on each side of them, and 
_ “ yemarkable for containing no vestiges of stratifica- 
“ £102. 


» 
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“ tion. We are thus led to consider the unstratified 
** fossils, the second of the divisions into which the 
“ whole minerai kingdom, viewed geologically, ought 
** to be distinguished.” Two distinct facts are here 
taken for granted, viz. that the breaches and sepa- 
rations in the strata are for the most part com- 
pletely filled up ;—and that there is a great class of 
minerals, containing no vestiges of stratification. 
Both these objects are very important in geology, 
and require to be distinctly discussed. 
/ 

183. Thus a close analysis of the exposition given 
by Mr. Playfair of the theory, which considers eleva- 
tion as the cause of the existence of our continents, 
has been productive of several geological questions, 
all of them entitled to the greatest attention from 
those, who wish to know ly, may really be ex- 
pected from the science to which they belong. It 
may be observed first, that these questions, though 
distinct from each other, are mutually connected to- 
gether; and further, that they relate also to other | 
objects, of which I have allowed myself only a simple 
mention; as they could not have been discussed any 
otherwise than in reference to this connexion, which, | 
when duly treated, will prove sufficiently decisive 
with respect toeach of them. ‘The first of the stated 
questions which I propose examining, as being the 
least dependent on others, and because the conse- 
quence, which will result from its decision, will lead 
to an analogous object of greater importance in the 
following discussions, is His: Are “ the breaches 
and sing ations’ in the strata “ for the most part 

“ completely 
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“completely Jilled up,” as (i pele by Mr. san 
fair: pio 


184, And here he appears to:confine his attention - 
to the metallic veins; but it'issin a very vague mans 
ner. We agree respecting their origin, in regard to 
which [ ie also the satisfaction of finding my 
opinion coincide with that of Mr.. WernER;. ee 
are jissures produced in the strata, which have been 


filled up with evtraneous substances, called the gan- * 


gue of the veins. But Mr. Playfair and I begin to 
differ on a point which respects the nature of this 
gangue, or content of the fissure; it is the first spe- 
cies of the class of substances. by him asserted. to 
* contain no vestiges of stratification.” Now, though 
the stratification here is not similar to that of thé 
strata themselves, it is, nevertheless, very distinctly — 
marked, and ought to be known by those, who at- 
tempt, as Mr. Playfair does, to ascertain how. the . 
_ clefts were filled up. It is a stratification, which, 
for the most part, has extended symmetrically from 
either side, and united in the middle; where, the in- 
crustations being of an irregular thickness, empty 
spaces were necessarily left between them when they 
eame to meet: it is there that the finest crystalliza- 
tions are found, those druses which form the orna- 
ment of cabinets. When I was at Freyberg, Mr. 
‘Werner gave me a direct proof, as well of the me- 
tallic veins having originally been fissures, as of the 
manner in which they had been filled up by succes- 
sive strata. He showed me a vein, which, after 


being filled up, in Fon first instance, with extraneous 
, substances, 
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substances, had a second time been split asunder. 
through “the middle of that gangue, a new one be- 
ing subsequently formed in the cleft, the strata of 
which corresponded also on either side. For this 
Mr. Playfair cannot account by the mode in which 
he supposes those veins to have been filled up, viz. 
by substances which “ appear, in many instances, 

“to have been the instruments of the elevation of 
“ the strata.” 


785. But m order to understand the nature of 
metallic veins, it is not sufficient to consider them as 
having been produced by fissures in the strata; for 
a circumstance frequently attends them, which has 
caused this opinion to be rejected by many geolo- 
gists; amongst others, by M. pr La Mirsrenrm, 
aud by M. Cnxsivenrann Conseiller des Mines at 
Hreyberg, and avery skilful mmeralogist. Metallic 
veins are often found highly ishidose and of con- 
siderable thickness: there are, indeed, but few, which 
are not thus characterised; and this circumstance 
even accounts for the shifts, mentioned by Mr. 
Playfair; fer there could be none in veins which 
were vertical: Shifts are occasioned by new fissures 
ina vertical direction, passing through the veins, 
the sides of which have changed their relative 
level. Now when a metallic vein of a certain thick- 
ness is highly inclined, the geologists of whom I am 
now speaking, deduce thence an argument unfavour- 
able to the opinion that the veins have been fissures ; 
since, in that case, before they could have been 
filled up by the gangue, the roof, or upper part, 

haying 
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having no support, would have fallen in. upon the: 
wall, or inferior part. This objection cannot be 
answered, unless the whole series of catastrophes, 
which the strata have undergone, be collectively 
considered ; but, when that is done, it affords a de- 
monstration, that the inference drawn by these geolo- 
gists from the phenomenon just noticed, viz. that the 
metallic veins were formed together with the moun- 
tains, is erroneous. | 


186. All the strata, which now compose moun- 
tains, were formed originally in an horizontal position; 
this is attested by the strata of breccia, and by those _ 


which contain marine bodies; but it has been shown 
that they have undergone fractures and angular 
movements, in consequence of which, the strata of — 
such masses as our mountains are found to be highly 
inclined, and even vertical. It has likewise been 


shown that these catastrophes did not také place at, 
ene and the same time, since, after the first convul- 


sions, which were inconsiderable, secondary strate 
were formed on the primitive, which had been al- 
ready fractured; and that, at a subsequent period, 


the whole mass was subjected to more violent catas- - 


trophes: now hence we may collect the history of 
the veins. ‘They were originally wide fissures, formed 
wertically in the mass of the strata, and were filled: 

up with extraneous matter, while in that position ; 
but afterwards these veins participated. in all the ca~ 
tastrophes suffered by the strata, being enclosed in 
the great masses which underwent angular move-. 
ments ; and thence jt is that their sections, like those 
of 


ra 


~ 
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Of thé strata; occur in the sides of some vallies) aiid 
en the summits, where, in the’ eee of it pie 
si! ig gi out. 3 | 
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187. It was, then dlidecdaaatlay to the catastros 


phes which had’ occasioned vertical fissures: in: the: 
strata, that the first mineral veins were filled’ up. 
The false veins, (or shifts,) produced by some freshi 


convulsion during the same period; were filled up . 


with other minerals, and were afterwards fractured 
and displaced. But the vacuities, formed during the 
period of the greater catastrophes which followed, 


were not filled up; and Mr. Playfair is, therefore, | 


mistaken, if he thinks that every passage, capable 
of affording an escape to the expansible fluid, by 
which the continents were to be raised up, was thus 
closed. For at this time numerous caverns were 
formed in the interior parts of the masses of strata; 
constituting mountains. I have shown, while’ fol- 
lowing M. de Saussure in his descriptions, that many 
_ phenomena of streams among mountains prove that 
such caverns exist; and a great many of them are 
immediately known to us, such as those in the me- 
talliferous mountains of Derbyshire, and of fHartz. 


> 


By filling the mineral veins, therefore, in order to 


close up one kind of outlet through which the ex- 
pansible fluid might have passed, no purpose could 
be answered; so many new passages having been 


opened for it by the catastrophes, which happened 


caiic iar pg to the formation of those veins. 


188. The bentents of mineral veins ‘ich ~~ frst 


r object 
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6f which. Mr. Playfair treats, upon. coming to the 
class:of substances, in which he conterids that: “ no 
** vestiges of stratification” occur; an’ assertion 
here shown to be inaccurate. | He then passes on to 
basalies. and whinstone, considering them both as 
substances, which, in a state of fuston,; were forci- 
bly injected among the strata. This is a point much 
contested among mineralogists, and one which hag 
divided them into two distinet classes, known by the 
appellation of Vidcansts, and, Neptunists ; the for- 
mer considering these substanees as volcunic, the 
latter, as having been produced by the sev, like the 
other strata.. I shall no¢ dwell on this difference of 
opinion, because it is foreign from our subject; for 
we are speaking of the fracturcs and angular move- 
ments of the strata: while the basaltes and the whin- 
stone having undergone these catastrophes together 
with the other strata; cannot be ranked m the num- 
ber of those substances, which have served as ‘ in- 
‘ struments” in such catastrophes. But another 
considerable’ class of substances,. placed by Mr, 
Sie SRD in the. number of these which exhibit “ no 
‘ vestiges of stratification,” viz. graniieand por phy? Ys 
will lead us to a very tinpdtdat, question, connected 
with all those already indicated as resultmg from an 
analysis of Mr. Playfair’s arguments; in favour of 
the theory of clevation; to the examination of this 
question I bia now proceed. 


189. 1 brat shown in (180, that the Huttonian 
theory wholly fests on the proposition: “ That our 
. ibis strata were produced from the waste of 

© ancient 
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“ancient continents.” I shall eeereite ran with 
examining this proposition, one of the most ‘singular 
_ ever advanced in geology. ‘The strata of our pre- 
sent’continents could-not be considered as the pro- 
_ duct. of others more“ ancient,” unless they were 
. supposed to be now préparing the mutérials of future 
Continents :. this, - accordingly, ig taken for granted § 
and it-is-alleged,: in proof of it, that running waters 
_ have carried dowh to-the sea all the materials which 
they have collected in excavating vallies, and eveti 
- much: ntore, as the whole surface’ of our continents 
_is supposed to be already considerably lowered. But 
_ IT have- proved that, in fact, running waters’ do not 
-€arry.on these pretended operations; and-that their 
_. real effects are-tending to their end. It would also 
be necessary for the support of this hypothesis, that 
. the sediments, formed by rivers at their mouths, 
should be: diffused over the whole bed of the sea; 
whereas I have proved, on the contrary, that they 
remain along the coasts. But let us for the present 
pass over these points, and ‘allow all that has been 
excavated from the vallies, and much more, to have 
béen propelled by the rivers to the ocean, and theré 
-scattered over the whole: oF its Deas, 


190. The’ phenomenon still to be” explained coni- 
sists in the strata, of so many different genera and 
species, which are laid one ‘upon another through- 
out the whole extent of out coritinents, aiid con- 
sequently must’ have. been in the: same position at 
the bottom of the ancient sea: aid all these are sup- - 
posed to have’ been produced by the sediments of 

PQ rivers 
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rivers belonging to ancient continents. Now inet 
ever has, Ahsevyed the, sediments of .rivers. on. the 
coasts, must know that they are composed of a con- 
fused mixture of all the. minute particles, detached. 
fi om the different kinds of strata, through which, the 
rivers, and their various branches, have happened 
to flow. This being a well-known fact,. could the 
most lively fancy invent any cause, which, in the sea, 
should not only separate these. particles, according to. 
their different genera and species, but retain them 
thus ‘separate ed, until. the destruction was completed 
of the continents whence they had proceeded, In. OF- 
der afterwards to diffuse them oyer the bottom of 
the sea, and there to.arrange all those several genera 
and species, in that dei ite manner, in which the 
various strata of our continents are everywhere dis- 
posed? This consideration, which arraigns the whole — 
theory, I had already. presented in. my, first letter to 
Dr, Hutton, though neither, he, nor Mr. Playfair, 
have at all adverted to it in their works. 


¥ eau: 
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| TAO t; Thus do they pass over rasan sth 
’ they ney ertheless consider their theory as. demon- 
strated. In the same manner, we have seen Mr. 
Playfair rest the hypothesis of elevation by heat.on 
the evidence of a great internal heat of the globe, 
by affirming that heat to be demonstrated by the 7t- 
duration of the strata: although, in my. first letter | 
to Dr. Hutton, I had opposed to this cause of con- 
solidation two arguments, neither of which he has 
noticed, The first was deduced from the remains. of 
marine animals found in so many solid strate as well 

as 
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‘a9 in loose beds; and in the concretions formed’ in 
these'last ¢ and, ‘after having mentioned the facts, I 
thus:proceeded :! “The séa-shells, mentioned in many 
“of the above examples, lead me to a moré general 

“objection against ‘your’ hypothesis. It would be 
“sufficient to examine these bodies, to be convinced 
“that the concretions,’ in'which they are found, had 
“not undergone a heat of fusion. But, moreover, 
“how could’ you’ conceive that the animals them- 
“selves, of which these are the remains, had dived 
“upon these very strata, which you suppose to have 
‘been successively consolidated by fusion? Here 

“ends every appearance of possibility ; and I might 
“‘have'confined myself to this single objection, had 
~ © Tnot thought it preferable to follow all the argu- 
‘| ments, ‘which you have adduced in favour of your 
“hypothesis.” The second of my arguments was 
drawn from the intermixture of the. wise with the 
stony strata, even where both are'of the same kind; 
and, among other instances, I-had in view those strata’ 
of: soft marle, imtermixed with others of calcareous 
stone, which are described in §160.° But indecd 
this is a very common phenomenon, and is frequently 
observable in the cliffs of the British coasts. How 
is it then, that, without an attempt to answer these © 
peremptory objections, nay, even without: noticing 
them at all, Mr. Playfair can say, “ We are assured 
“of the existence of such a ai in the minerat 
i news 2 at 


» 193. Bat the following passage seems to explain 
the sai which determined him in favour of this 
Siti CAUSE 
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cause of the consolidation of, the-strata..., “ We have 
si indeed . no other, alternative, but ren tojadopt * 
* this explanation, or to ascribe the facts.in,question — 
ts * to some secret and unknown cause, though we are 
“ ignarant of its nature,» and, have. no, evidence-of its’ 
cs ewvistence,’ The theory, thus characterised by Mr, 
Playfair, is that which bas,been-received by the most 
eminent, geologists, among others, by M. de Dolo 
mieu and de Saussure, viz..that our, mineral strata” 
are the product of ,chenucal preeipitations from, a li~ 
guid; which, or iginally encompassed. the whole globe: 
But. we have. seen that Mr. . Playfair is desirous of 
banishing . from, geology. every, idea of an assignable 
commencement tothe operations, of. which we.see the’ 
monuments on.aur globe... To effect this purpose it 
would: he necessary that he should prove,our mineral: 
strata. to have been produced from those.of conti~ 
nents. previously. destroyed, which themselves had. 
been formed. from,the.ruins of ether continents, with 
out. any assignable limit. ..Now,.if we attend to all. 
that has been advanced, both by Mr. Playfair and. 
Dr. Hutton, and particularly by the latter in the first 
and seyenth chapters. of his Theory of the Earth, 
with a view to set aside chemical operations, it will, 
be obvious that ail their objections -are directed: to‘: 
this point, viz. that.chemical operations cannot ex- 
plain the groundless jnypothesis, of the transforma. 


tion of the remains of ancient continents into:solid 


strata, such as ours: and thus the action ofexineme — 
heat is the only remaining means of accounting:for ” 
that imaginary transformation. . This 1s indeed the 
whole argument ;. for no aontonee 4 is adduced: to prove’ 

8 1 ea ee 0S ie 
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that Keat itself ds ‘capable: of producing -an effect.of 
this natires and a8they suppose! such operations ito 
have been carried on only atthe bottomof the sea 

they tink ‘themselves under no! obligation to give any 
‘eXdinples “Of them on the surfuce! of the earths. Bat 
Tet UUs ‘low ‘come to the'real-system of chemical’ pre- 
cipitations, which “these” geologists : could ‘not thus 


| eee ia aif cy -_ shear nig considered | 


its effects.” WOU OF Bae » eodleogab- 


194. Tt is now generally acknowledged, even by 
‘Dr. Hutton and Mr. Playfair, who except only gvia- 
nite, ‘and ino rai enn of the: same ae that * 
‘some nae at “the siebehi oft the encilsity seas feed 
not partially, but throughout its entire extent, ‘their 
strata constituting the whole observable mass of our 
continents: And here an absolute dilemma presents 
itself. There are but two possible’ sources‘of the 
matters forming’ these strata: at the: bottom of ‘the an- 


cient sea’; they must-either‘have proceeded! from the 


lands, which surrounded ‘it; or they must'have ‘been 
separated {rom the liquid; which: originally: formed it. 
Now; since dilemmasihavebeen in-use, forthepurpose 


of establishing the truth of one:proposition,iby,éxclud- - 


ing the only other which-could be-broughtintocamper _ 
tition with it, I do notthink.that anymore'peremptory 
and “irresistible cause of \exclusion thas sever ibeen — 
brought forward, :than that, which I havestated above, 
against. one of the ‘propositions. of this.dilemma, re-. 
specting’ the source of ‘the .substances abe: OUT 
mineral strata; substances’ which, most undoub 
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\did not proceed. from other ‘continents. Nor is this 
argument, applicable only to the Huttonian theory, 
but»to many. others! also, in, which, with. different 
modifications;; recourse chas, been had either to the 
action ‘of \rivers and. of the sea, pon existing conti- 
~nent§,,,for,the purpose of furnishing the materials of 
mney continents; or toloperations of the sea within 
- §ts-bosom, for, that of transforming ancient stratified 
“deposites, or other masses, into new and solid strata. 


195. We find then that chemical precipitations 
coe remain;:to explain, the existence of strata such 


~’ Jas ours, which, at the same time, are in perfect con- 


- formity,to the nature of that,cause. This might have 
seemed, doubtful, so Jong as our’ strata were con- 
sidered solely in their ipresent state: but, since it 
has been:demonstrated by M. de Saussure that they 
awere originally. formed-in. an horizontal position, for 
the most. part: parallel one to another, and disposed 
according to) their several genera and species; so that 
their:actualstate is. to be ascribed to fractures, — 
changes of: relative devel, and angular movements of 
separate masses; in a. word, since their formation 
hasjbeem:ascertained tobe very distinct .from their 
actual position, (as.is:admitted by Dr. Hutton ;) the 
correspondence of the former with successive’ chemi- 
cal precipitations, .of :different genera and species, 
from one-and:the same diguid, most evidently appears. 
This is.the:cause, which was first assigned to them 
by M. de:Saussure, and I have adopted it after him 
and, M.:de Dolomieu. . Supposing, therefore,: that 
"we could. proceed no. farther in this explanation of 
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the origin of our mineral strata, nor’ determine any 
‘thing. ag to the manner of the operation ; it would 

still remain certain, both from the exchision of every 
other origin, and from the conformity of the effect 

with the nature of the cause, that they were pro- 

duced by chemical these ot in — sea pe We 

ancient sea. ray 
196: But we are not confined’ within such narrow 
limits... We cannot; it is true; apply the particular 
laws of chemistry to the formation of our’ strata, ‘for 
veasouis' which I-shalk presently explain ; ‘but its’ ge 
-neral lawsthrow great light on these operations.’ M. 

de: Dolomieu, with whom M. de Saussure and 1 ‘coe 
incided in opinion, expressed long’ ago his’ surprise, 
that. some mineralogists should’ halve’ applied ther- 
selves to the search - a menstruum, or even of se- 
veral menstrua, capable of holding the substances of 
our strata together in solution. Such a search has 
hitherto proved vain ; for we cannot go back, by the 
_ Specific affinities discovered in our experiments, td 
that state of things, which ‘existed on our globe once 
only, and which then soon. began to undergo suc- 
cessive changes, by means of the’ precipitations 
themselves. Atithat period, the primordial ‘liquid, 
from the reciprocal affinities’ of all its ingredients 
with each other and with water, coneaibed all the | 
substances, which, at present, are divided into four 
general masses, viz. our strata, the atmosphere, the 
water of the sea, and common water. How is it | 
possible to recompose a iquid, formed of all these | 
substances, while the elementary in gredients, whence | 
: . - the 
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the affinities then arose, are now dispersed ‘in certain 
— combinations, of which we worse but va wer cits 
Lt Naa 8 yey roth vderh amy fy } Cae a . 
“197. cee us now come-tas a, more yomeral Disiéier. 
What As a ménstruwm?. The only-answer to this 
question, with which we are furnished by the united 
results of all our experiments, is, that a menstruum 
is water, , alreadyy combined 'dby ‘affinity: awith ‘some. 
ingredients, in such aamanner, that the compound is 
capable, in, consequence.of mew affinities arising” “in 
it, of uniting itself with other substances. : Mi Ber 
THOLLET, who, has been moreosuccessfil’ than-any_ 
other chemist ..in, the abservation .of those ‘affinities 
which Tesult froma: combination of other affinities, 
has alveady rendered (many of them manifest by ‘ac- 
tual experiment... A new:ingredient, »united iby aff. — 
nity to .a,menstruum, gives birth ‘toonewiaffinities’: 
this is.a genenal law, -to whieh iwe can assign nd tli- 
mits, although, in;the combinations which we are — 
able to produce, it is confined within very narrow 
bounds; ‘kecause we-aresunacquainted with!a'multi- © 
tude of ,the ingredients, «which enter into ithe com- 
position ;of. the. different: substances of our globe. 
Of this. we -have sufficient proof, from the impossi- 
bility ef wecomposing the mineral substances with ‘the 
coercible.ingvedients:furnished byouranalyses.’ ‘Por 
we are even ignorant, as M. ide Dolomieu sobserves, 
in whatorder the ingredients, which we-obtain, ‘were 
combined; whether it»was in the first molecules; ‘or 
in the ageregation,of these molecules into different 
- solid bodies, manifesting nearly the same ingredients 
| in 
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inrour analyses, ‘though exhibiting very different ‘pro~ 
perties. | This-is, however, ‘though expressed sin so 
general a manner, an essential point of consideration, 
onvaccount.of the succession: of affinities knowti to 


¥ 
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198: “We are’ alist isin ised to" “say that the 
shinee lig“uid, “‘cOtisequenes Of ‘a mmulticade of 
- gombined’ affinities} ‘contained the!‘gr eatest! ‘part of 
the ingrédients, which at present compose thé known’ 
siboswahbes of our globe ;-ahd “that they have been! 
separated from it’ by stiecessive: precipitations,* pro- 
duced, -both ‘by new: ingredients ascending ‘from ‘the 
‘interior parts of the: gabe! ‘and by the ‘separation ‘of 
other ingredients, which, being disengaged in-the fount 
of expansible filmds, have’ preceasivehy domnpoded our 
atmosphere,’ Now, the knowledge of ‘the astonishing 
composition of the atmosphere; that ésseritial pate’ 
of the’substances of our globe, “ ‘a ‘knowledge. indis’’ 
pensable jn’ considering’ the: ‘opatations Which have’ 
taken place upon it, Is ‘obtained, orilly in ‘proportion’ | 
to our care in combining meteorological chemistry 
with that ‘of our’ laboratories.” Tt isnot difficult to 
determine. (as Ihave shown from -the: ‘connexion 
with other phenomena)’ bow new inerédients: may 
have ‘aséended: from the'inéérior of sheadenie's and 
geology,’ ‘atthe same’ time; “by very *distinet: ‘monu- | 
ments “in °our’ mineral’ strata, furnishes. us" with the 
knowledge of ‘the ‘effects, which were ‘thence’ ‘pro- 
duced in organised beings, “marine as-wéll'as “terres 
trial; .on account’ of the ‘corresponting: chariges “of. 
the aaa of thé sea) and’ of the ‘etmesphere. ’ “But 
(4, for 
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for the details of this theory I'must here refer tomy. 

Lettres au wpe Blumenbach, Paris dition: 
199. The seve cree entered npn nv 
although introduced by. Dr. Hutton’s theory, (the 
hypotheses of which, as Mr. Playfair acknowledges, 
have not excited much.attention)' serve nevertheless 
to throw considerable light on.the geological points. 
to which they relate. This, will also; be the case in 
regard to the following points, the’ first,of which. is 
the theory of S rantaen considered, in,itself ; a theory 
which has made, part of some. other: systems, of geo- 
logy. We. have seen.that,Mr.,.Piayfair..contents. 
himself, relatively .to.this great operation, with 
saying, that the. ‘expansive power of heat. has.no 
“ limits ;” without, pointing out the,specific mode of 
its action. This renders it mecessary to go back.to 
the exposition, which. Dr:, Hutton binuselfi has given, 
of the grounds, of ‘this hypothesis 5. but it. will lead us. 
to several important remarks.., ‘The. subject is intro- 
ances at Page 141 of his first volume, : 


«A stream of seplied lava, eee ries tlie side’ of 
“ Mount Etna. Here is,a.column of weighty mat- 
“ ter raised from a great depth below, to an immense. 
ts height above, the. level of the sea;).and rocks of. 
“ an enormous Size are projected from its orifice some 
“ miles into the air. Every one acknowleges that 
* there is the liquefying power and expansive force 
“ of subterranean fire, or violent heat. But, that 
« Sicily itself had been raised from the bottom of 
the bean and that the mardle called Stcilian jas- 
per, 
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© per, had its solidity upon the same principle. with 

“ Java, would stumble many a naturalist to acknow- 

“ledge. Nevertheless, I have in my possession @ 

ff table of.this marble, from which it is demonstrated, 

“ that this calcareous stone had flowed, and been in 
“ such a state of fusion and fidity as lava. 


if ieee is a “copaparison. aot of rl Latiaces! 
« substances, to which it is of the highest importance 
“ to attend... The. solidity and present state of this 
‘O18 commonly thought to be the operation of ire ; 
" of the other again, it is thought to be that of wa- 
‘ter, This, however, is not the case. » The imme+ 
** diate state and condition of both these bodies are 
“ now to bé considered as equally the effect of fire, 
- orheat. , The reason of our forming such a different 
i ‘judgment with regard to these two y subjects i is this ; 
__“ we see, in the one case, the more immediate connece, 
tion of the cause and the effect, while, in the other; 
"we have only the effects from whence we are in 
“science to investigate the cause. But, if it were 
“s necessary always to see this immediate connection, 
“in order to. acknowledge the operation of a power, 
“ which, at present, is extinguished in the effect, we 
should lose the benefit of science, or general prin- 
“« ciples whence particulars may be deduced, and we 
“ should be able to reason no better than the brute. | 
“ Man is made for science; he reasons from effects . 
* to causes, and from causes to effects ; but he does 
© not always reason without error. In reasaning, 
“therefore, from appearances. which are harseniae, ? 
“care must be taken how we generalize; we should 
6¢ be 
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“be cautious not’ to attribute to naftre, laws which 
ee Kaki se me's of our own dvention. 


(Osh The smntlvdiate question now before us is not, if 
“the subterraneous fare, or elevating power, which 
“ we perceive sometimes ’as operating with such en- 
“ergy, be the consolidating cause of strata formed 
‘at the bottom of the sea; nor, if that power be the 
“means of nraking Jand appear above the surface of 
“ water: for, though this be the end we want toar- 
‘rive at’ ultimately, the question at present in agi- 
“tation, respects the laws of nature, or the gene- 

rabity ‘y of particular appearances, | 


ott Has the clobe within it such an active power, as 
“fits it for the renovation of that part of its con- 
“struction which may be subject to decay? Aré 


‘those powerful operations of ‘fire, or subterraneous 

“heat, which so often have-filled'us with terror and — 
‘astonishment, to be considered as having always 
“been? “Are they to be concluded: as proper: td 
‘“every part upon the globe, and as continual in the 
““system of the earth? If these points in-question 


shall be decided in the affirmative, we can be at 


‘“no loss in ascertaining the power which has conso- 


 “lidated strata, vor in explaining ‘the present situa- 


‘tion of those bodies, which had their origin at the 


- bottom of the sea. This, therefore, shouldbe the 


object of our pursuit; and in order to have demon- 


© stration in a case of physical inquity, we must an 
Pe Waris recourse to the book of nature, 


«The 
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“ 'The general tendency of heat is to' produce flu- 
< idity and softness} as that of cold is, on the con- 
“ trary, to harden soft and fluid bodies. | But this 
“ softening power of heat is not uniform i: its nature ; 
“itis made to act very different effects, according 
“to the nature of the substances to. which it is ap- 
“ plied. » We are but limited in the art of increasing 
* the head or the cold. of bodies; we find, however, 
‘* extreme difference in their substances with respect 
ae to fluadity. | 


off Be fusible substance, or mineral composition in 
“a. fluid state, is emitted from those places. of the 
“ earth at. which subterraneous fire and expansive 
“« forée are manifested in those eruptive operations. 
“ In examining these emitted bodies, men of science 
-“ find a character for such productions, in general- 
“* jing the substance, and understanding the natural 
“ constitution of those bodies. It is in this manner 
“ that: such a person, finding a piece of Java in any 
“‘ place of the eatth, says with certainty, here is a 
* stone which has congealed from a melted state... 


“ Having thus found a distinguishing character for 

5 ‘ those ‘pined substances called, m general, /avas, 

“ and having the most visible marks for that which 

© has. been, actually a volcano, naturalists, in examin- 
“ing different countries, have discovered the most 

_ © undoubted proofs of many ancient volcanos, which 
“had not been before suspected. Thus volcanos 
‘“‘ will appear to be not a matter of accident, or only © 
“‘ happening in a particular place; they are general 
, ce te 
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“to the globe, so far as there is no Blanes upon thé 
“ earth that may not have an eruption of this kind; 
“‘ although it is. by no means. necessary for every 
** place to have had those eruptions... 
- © Volcanos are natural to the globe, as general 
** operations; but we are not to consider nature as 
“ having a burning mountain for an end in her inten-' 
** tion, or as a principal purpose in forming the ge- 
‘*neral system of the world. The end of nature in’ 
* placing an zzternal fire or power of heat, and a 
“ force of irresistible expansion, in the body of the 
“< earth, is to consolidate the sediment collected at the’ 
“ bottom of the sea, and to form thereof a: mass of 
“ permanent /and above the level of the ocean, for 
“the purpose of maintaining plants and animals.’ 
Stabe power appointed for this par pose is, as on all 
“‘ occasions, where the operation is important ; and 
“‘ where there is any danger of a.short coming, wisely’ 
“‘ provided in abundance; and there are. contrived 
means for disposing of the redundancy. ' ‘These, in 
“ the present case, are our volcanos. 


“ A volcano is not made on purpose to frighten 

« superstitious people into fits of piety and ‘devotion, 
‘‘ nor to overwhelm devoted cities with destruction ; 
“‘ a volcano should be considered asa spiracile to the 
“ subterranean furnace, in order. to prevent the uh- — 
“necessary clevation of land, and fatal effects of 
“ earthquakes ; and we may rest assured, that they, 
“in general, wisely answer the end of their institu~ 
* tion, without being in themselves an end, for which 
** nature 


~ 


995 : 
nature had exerted such amazing power and excel- 
“Jent contrivance. 


“ Let.us take a view of the most elevated places 
“ofthe earth; if the present theory is just, it is, 
“there that we should find volcanos: But is not this 
“the case? There are volcanos in the dndes; and 
round the Alps we find many volcanos, which are 
‘in France upon the one side, and in Germany up- 
“on the other, as well as upon the Italian side, 
“where Veswvius still continues to exhibit violent 

*¢ eruptions. 


- “Tt is not meant to-alledge, that it is only upon 
‘the summit of a continent, volcanos should appear. 
“ Subterranneous fire has sometimes made its ap- 
“‘ pearance in bursting from the bottom of the sea. 
“ But even in this last case, Jand was raised from 
“the bottom of the sea before the eruption made its 
“ exit into the atmosphere. It must also be evident, 
“ that, in this case of the new island near Santorini, 
“had the expansive power been retained, instead of 
“being discharged, more land might have been 
“ raised above the level of the ocean. 


“ Now, the eruption of that elastic force through 
“ the bottom of the sea, may be considered as a waste 
of power in the operations of the globe, where the 
- elevation of indurated strata is an object in the 
“ exertion of that power; whereas, in. the centre of 
“a continent sufficiently elevated above the level of 
“the sea, the eruption of that fiery vapour calcu- 
“ lated 
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“ lated to elevate the dand, while it may occasionally 
“ destroy the habitations of a few, provides for the. 
_ “ security and quiet possession of many. 


‘Tn order to.see the wisdom of this conttivartce; 
~ “Jet us consider. the two extreme places at which 
_ * the ereption of ignited, matter may be performed2: 
© These are, on the oné hand, within a. content, of 
_*Jand, and on the other, at the bottom of the ocean: 
AN In the one case, the free eruption of the expanding 
“< power should be permitted; because the purpose 
for which it had been calculated to exist has been 
“ accomplished. In the other again, the free erup- 
“tion of that powerful matter should be repressed : 
“ because there is reserved for that. power much of 
‘‘ anotier operation.in that. place. But according te 
“ the wise constitution of things, this must mecessa= 
“rily happen. ‘The eruption of the fiery vapour 
_* from volcanos on the continent of land, is inters 
““ vupted only occasionally, by the melted bedies: 
“ flowing in the subterraneous chimney; whereas at 
' “the bottom of the ocean, the contact.of water ne 
* cessarily tends to close the orifice, by. accumulating 
* condensed matter upon the weakest place. 


" « Tf this be a just theory ef the natural operations 
“ of the globe, we shall have reason to expect, that’ 
great quantities of this melted matter, or fusible. 
* substance, may be found in form of lerod, -abaong 
rt Bt strata of the earth, where there: are no sesislas 

“marks of, any volcano or burning mountain, having 
« existed, ‘Here, therefore, is an important point te 


si be 
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“< be determined ;! for, ifvit' shall appear cthathmiuch: 
‘Sof this) melted: matter, ‘analogous: todave,‘hag-beeni 
“forced: torflow among ithesstrataawhieh|: hhadisbeen 
“formed at the bate! of thecseay and are now’ 
*? found forming driplandt above? its surfadé,s it. wilk 
“be callowedy that: we. shave discovered the isecret! 
“\operations: of ‘nature: concocting futune) land>ias, 
“Oiwellwasthosé»by: which: thespresent: heabitidble earth; 
“ had dbeent produced! fromethe bottom: of :thesabysss 
“Here; «therefore, we. shalli/at»presénturest: the ars 
“ gument;)avith : Sn ceecpana ‘to elabam that such 1s 
s ras the. vaseMiiw soisusiqxs ae ziaoniinor 
teaibros08. sovog, ell ..ovig, ot bottiono 
200: t his: i all Hat: ates to the tHedey. itself: 9 
fox Ishallishortly makeit appear: that. Dry Huttoti 
here'rests:the argument:on ‘a point, which it was) un- 
necessary toxprove, but which, im fact, is of no'servicé 
to him: \Thiso passage’ affords a general example of 
the’philosophical tone, the display:of method, and the 
frequent reference to final causes, which characterise 
his work.: Tt issthis: methedy to which, no doubt;:he 
conceived: ‘himselfi >to shave’ scrupulously: adhered, 
which persuaded him, and may persuade many of 
his readers; that, without the necessity of / minutely 
surveying “all the’ objects: presented by the earth’s 
surface,’ or even of! going’ out of - his eh, cabinet, a 
“table of Siciian marble,” or! “ jasper,” and some 
other specimens: brought forward from his. collection 
of minerals) might’ lead to the formation of a Zhe- 
ory of the Earth. In this*exposition of the ‘system 
ay be seen'also an instance of what Ivhave' re- , 
) QQ marked 
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markediabove:that, when Dr. Hutton was inves-” 
tigatings the causes which: amight) have consolidated ' 
ourminerak strata; he ‘had /in. view, in:their applica-’ 
tion, his‘own hypothesis only:respeécting sedimentsiof” 
rivers collected: ati theobettom: of the:isea;: while! I’ 
have»provedithat ne: such-orgin can possibly be sas-' 
signed to the:materials.ofiwhich ‘our strata are:com- 
posed, »\Butiwhat itcis at present most-importditto’ 
consideriin this:expositionris, ‘that, Dr. Huttonthere’ 
explaiisi himselfasjto.thé nature ofthe: “expansive 
“ power Jof cheat,’ supposed) to have :raised:-up: our 
continents, an explanation which» Mr.>Playfair: has 
omitted to give. This power, according to him, is 
exercised by «an expanstble: fluid, whieh! (he calls 
Hoflery. vapour,” andcthis indeed is the only form an 
which «heat can: be: ‘employed i an such an! ‘operation. 
Here then we have! aifixed' point to direct us in the 
examination of the theory of elevation, not only in 
this system, butiin all those whichiaseribe to this 
cause the: retreat of the sea from) our present conti+ 
nents. I shall first however: make another observa+ 
tion on: singe ties statement) of bans Hutton. 


201. We til seen: eins present bis, pike as: lead 
ing to two conclusions, which are.to be;such, that, 
af verified by facts, they will render, it evident, that 
he has: “ discovered the secret operations of nature 
“concocting future land, as well as. those, by which 
“the present habitable earth had been produced 
“« from the bottom of the abyss.” The first of these 
conclusions, and its proof, are thus expressed. ‘“ If 
“ the theory 1 is ae it is in the most elevated places 
; &¢ of 
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“of the earth that we should find volcanos. But is 
“not this the case? There are volcanos in the An- 
* des, and we find many round the Alps.” This is 
true; but it will appear that these facts, instead of 
confirming his theory, do, on the contrary, overthrow 
It. 


202. The other conclusion, and that on the veri- 
fication of which he finally rests the. whole of his 
arcument, is as follows: “If this be a just theory 
bi of the natural operations of the globe, we shall have 
“reason to expect that great quantities of this melted 
“ matter or fusible. SiBstanee may be found in form 
= pie lava, among the strata of the earth, where there 
‘are no gable marks of any volcano, or burning 
‘mountain, having existed.” He then goes on to 
prove that basalt and whinstone, those minéral sub- 
stances on the origin of which mineralogists are di- 
vided, are in fact materials, which, in the state of 
fusion, have beén injected among the strata; but 
this is per fectly unconnected with the object SKE 
he has'in view. Whether these substances are or 
are not what he supposes them, it is certain that 
while our mineral strata were covered by the sea, 
real /avas flowed over them, issuing from openings, 
on which rose considerable voleani¢ cones; in the 
same manner as, when the sea had abandoned our 
present continents, a great number of volcanic islands 
were soon formed on its new bed. In my first geo- 
— Jogical work, I have indicated several of these lavas, 
which had been diffused over the bottomof the ancient ° 
sea, and there covered by other strata. This, then, 
| would 
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would) answer Dr. Hutton’s purpose, if any thing 
could; but it will be seen, by the discussions upon 
which I am now about to enter, that this very phe- 
nomenon will tend to the subversion of the hypothesis 
of elevation, as w ell, as of that of the consolidation of 
our strata by heat. 


203. To this end, I shall eats with examining 
what Dr. Hutton adduces as an instance of an pie 
wation of land. “It must. be evident,” he says, 
“ that in'the case of the new island near Santorini, 
“ had the expansive power been retained, instead of 
“being discharged, more land might have been 
‘“‘ raised aboye the level of the ocean.” He after= 
wards, however, observes that,-in such a case, “ the 
“free eruption of that powerful matter should be 
“ repressed, because there 1s reserved for that power 
‘much of another operation in that place:” (the 
elevation of future continents.) ‘‘ But according to 
« the wise constitution of things this must naturally 
* happen......At the bottom of the ocean, the contact 
* of water necessarily tends to close the orifices, by 
“ accumulating condensed matter ypon the weakest 
“place,” This is considered by Dr. Hutton as eyi- 
dent; and so it may have appeared to those who, 


like him, are unacquainted with the history of the — 


island in question, which arose ijn the Archipelago 


mm 17 0%; a fact attested by eye-witnesses: ] had re- - 


lated it in the Ist vol. p. 506, of my Lettres sur 
i Histoire de la Terre ct de ? Homme, on the autho- 
rity of Lazzaro Moro, who, like Dr. Hutter, had 
‘elted it in proof of the elevation of our continents ; 

but I showed that it bore no analogy to such an 


effect: 


? 


® 
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effect. I shall again insert the account of if neta ac 
as it will serve to overthrowevery thing that eh 
Hutton np said on the subject. BELO, ie ee a 0 


iN 


“ Some shocks of an earthquake were’ first felt i in ¥ 
‘a neighbouring island called Santorini; the sea sbe> 
‘came tinged with sulphur for twenty miles round} f 
Ye ec substances issued from its bottom, which 
‘were forced up to the surface of the water; a 
“ rocky shelf, black and tremulous, then arose: be-, 
tween it'and the little island Cameni,-a ridge of. 
“ similar rocks was next formed, and by degrees the 
*“ several masses united together. -. As the ead: be- 
“came more extensive, the smoke’ increased, and, 
if — appeared. . When the island had mena, 
“a circumference of six miles, and an elevation: af. 
* one hundred feet, no Jess than sixty erifices were . 
“ observed in it, vomiting forth smoke, flames, and... 
“jgnited stones; which latter, as they accumulated, 
‘ gradually raised the island to a greater. height. — 
“ ‘This ‘operation continued for the space of four 
“ years, when the erplosions at length ceased; and: 
“ thus was‘formed an island composed-of lava, czn- 
“ ders, and pumice stone.” > et ee 
904. Is this an elevation of land, 1.-€. of wunerad 
strata similar to those which form: the mass .of our 
continents? Yetsuch it ought to be, if adduced as 
an instanee of efevation in any way connected with 
the pr esent subject. After having brought forward, 
in my former work, these details of the operation, i. 


eon it, and even the for mation of the highest 
volcanic 


ne 
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wolcanie cones, to the work of moles in our meadows, 


which also form cones, by throwing up‘ the earth 
through an opening of the surface. Plend ‘the acting 


power, that expansible fluid called “ fiery vapour” _ 
by Dr. Hutton, forced up, through sixty different 


‘orifices, “lavas, cinders, and pumice stone.” ‘These, 
indeed, produced an island;—but no elevation of 
land took place; nothing was forced up but these 
loose apeterials, | 


205. We also find from this account that the 
operation did not end in the manner supposed by 
Dr. Hutton ; its cessation not having arisen from the 
“ closing of the orifices by matter condensed” by the 
“contact of water ;” for so long as the operation 
was confined belaw the surface of the water, the: 


contact with that liquid produced only the-decompo-— 


sition of the expansible fluid, which gave to it a 
“‘ sulphureous tinge,” im like manner as. the same 
fluid deposits sulphur in the craters and other open- 
ings of the Lepar: Islands: but it still preserved 


channels for itself through the. substances which it — 


propelled from the openings; and when these sub- 
stances had reached the surface of the water, the 
sixty chimnies, on attaining that elevation, became 
so many volcanic mouths, which at last ceased to 
vomit. It was not, therefore, because the orifices 
were “ closed” that the operation ceased; it ceased 
without, only because it had already ceased within. 


206. All similar operations, even those which have 
produced 1 the most elevated volcanic cones, consist 
only 


a 
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only of materials thrown out, through an opening, 
_ on the surface, where they spread themselves over 
an existing basis, extending in proportion as the 
chimney, prolonged in the axis of the increasing cone, 
is carried up to a greater height. But it often hap- 
pens that this basis, undermined by the same ope- 
rations that produce the lava, becomes too weak to 
support the mass of the cone, which then sinks in. 
Such has been the case with Mount Vesuvius, which 
was formerly much higher than it is.at this day. “The 
present Vesuvius is a new cone, raised upon the 
ruins of the ancient, of which Monte Somma is: a 
remaining part. by the same catastrophe, as men~ 
tioned in my work, were destroyed immense cones, 
while still at the bottom of the sea; the sections on- 
ly remaining of their latest lavas, which had spread 
to a considerable extent, and were afterwards covered 
by other strata. I described several of these sections 
of lava in Germany; which, being turned towards 
‘a central point, and forming circular ridges around 
an empty space, I called volcanic crowns; and I 
compared them to the relics of large trees in forests, 
hollowed out by time, and exhibiting only such sec- 
tions of their decayed trunks, of which the roots ex- 
tend under the surface of the soil, as resemble these 
remains of lavas around the depressed cones of vol- 
canic mountains. The place of these cones is gene- 
rally occupied by a lake, unless the waters find Rtlece 
‘some outlet, either natural or artificial. 


207. Thus, from the formation of the Isola nuova, 
in the Archipelago, from that of AZonte nuovo near 
‘Naples, 
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Naples, (an account of which I had also given from 
Lazzaro Moro, in my Lettres sur I’ Histoire de ta 
Ferre et de? Homme ;) from my brother's very ac- 
curate observations on Etna, Veswoius, and the Li- 
pari Islands, likewise inserted in my work ; and from 
my own observations en the ancient volcanos of Ger- 
many ; itsis evident that the “ power’ to which'the 
elevation of our continents has been ascribed, name- 
ly, that of erpansible fluids formed in the interior — 
parts of the globe, never acted,-nor indeed could 
act, a3 an instrument of elevating any materials, 
without forcing its way through some fissures of the 
strata; where, while it drove before it substances in 
fusion, it must of necessity have escaped. It is no 
fess evident, from the instances to which I have now 
referred, that when, by the means of the same ope-— 
rations which produce lavas; the supports ‘of the 
masses of strata, upon which large volcanic cones 
have been formed ‘by the accumulation of lavas and 
einders, are undermined, these cones sink down, 
their basis having given way. Had, therefore, these — 
undoubted faets been attentively considered, how 
could it for a moment have been conceived, that such 
waulis as our contments could have preserved their 
-stability over caverns of hb extent, formed i an the — 
very act of “ elevation?” | set 
208. At the time when Lazzaro Moro and other 
geologists had recourse to such an operation, in order 
to account for the emersion of our continents from 
the besom of the ocean, it was not known that they 
were only vast heaps of ruins. No attempts had_ 
yet 
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yet been made to ascertain the cause of the highly | 
inclined position of the strata, not only in the mown- 
tains, but in hills, and even beneath the plas ; 
and: consequently no idea had been formed of the 
angular motions of enormous masses of strata, by 
which that state had been produced: in a word, all 
that naturalists had in view was to explain the ele- 
wation of acontinuous mass. However, when I first 
' yefuted that theory of elevation, though I had by 
no means then acquired sufficient knowledge of the 
creat chains of mountains, I clearly saw that the idea 
was a mere illusion, I did not deny to the expan- 
sible fluids the power of raising up the entire mass of 
our continents; but it was iiehadly evident that these 
fluids could not have detached such a mass from the — 
earth, without producing in this mass innumerable 
fractures; and that, after they had escaped through 
the openings, the elevated mass must have fallen 
back into the depths of the ocean. 


909. I was even at that time sufficiently acquainted 
with the state of the strata. which we now denomi- 
nate secondary, to be aware that they had undergone 
great catastrophes; and for the same reason which I 
have just alleged, I attributed these catastrophes — 
to the subsidence of the parts now comparatively the 
lowest, and the emersion of our continents to the 
sinking of others, which the sea had covered in its 
retreat. J then remarked, that, as both theories 
equally assumed the existence of caverns, it was 
much more conformable to the nature of things, that — 
these caverns should have preceded and occasioned 

the 
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the subsidences, than that they should have been 
formed during the process of elevation. - For, in the 
first case, the masses which had sunk down coming 
to rest on the bottom of the caverns, every thing 
would remain in a state of stability ; whereas, in the 
latter, the fractured continents must have retianba 


suspended over caverns, which is manifestly 1 ‘impos- 
sible. | 


- 210. But since that period, the impossibility has 
been rendered more obvious by M. de Saussure’s 
discoveries relative to the great chains of mountains. 
Guided by these in the course of my more recent 
observations, and directed in my physical researehes — 
by his first opinions respecting a succession of differ- 
ent chemical precipitations from the same liquid, as 
well as by the general progress of chemistry, I was 
at length enabled to determine the cause of the com- 
mencement of all the operations, the monuments of 
which we observe on our globe, in the manner de- 
veloped in my preliminary discourse, §60.. During | 
the prosecution of my researches, having conceived 
the cause of the successive formation of caverns un- 
der the strata, I found in the same cause that of a 
succession of different precipitations ; and thus, by 
their relation to a common cause, were connected 
two great events, the succession of the strata, and’ 
the seres of cz«tastrophes which they underwent. 
Moreover, according to my theory of subsidence, 
these catastrophes could not affect the stability of 
of those vast Tuins 5 while, according to the opposite 
| | 7 theory, 
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theory; thé result would’ have‘ ‘béen a'mere Yepeti>’ 
tion So hae ened soon | followed by depressions. Fy 


“311 vi! sebretaieal my ideas on this subject, for ie? 
first’ time, in my letters to M. de la Métherie, 'pub- 
is in his Journal de'Physique, in 1790 and 1791. 

I gave an ‘abridgment of my system in my first let- 
ter to Dr. Hutton; published in’ the Monthly Re- 
view, 1790; and I more fully explained it ‘in my 
letters to Prof. Blumenbach, inserted in the British 
Critié, 1793 and. 1794. This Mr. ‘Playfair might 
Have" known ;. but in ‘§'419 of his' work, he alleges’ 
the following as ‘the'réason of his’ not knowing at? 
Speaking of my tenth letter to M/‘dé la Métherie,’ he’ 
thus expresses himself! “I must éonfess' that I am’ 
“ unacquainted with every thing’ of this’ letter but the 
“title; and could not easily be’ prévailed on to ‘fol-’ 
“low ‘any man who professedly goes out of nature 
“in search of knowledge; who pretends to give the 
“history of our ‘planetary system when there was 
“no sun, and to enumerate the events which took 

“ place between the existence of that luminary, and 
“ the existence of light. The absurdity of such aa 

“ undertaking aa mite? ‘of no apology; ‘and thé’smilé! 
“which it bsigtit excite, if addressed merély to the 
** fancy, gives place to indignation sia it assumes 
“the air of philosophical i investigation.” 


“912. T shall not here accuse Mr. Playfair YE any 
thing more than an astonishing degree of inattention, 
arising from his attachment to his friend’s system. 

ae evidently thinks himself justified in what he says; 
| . eo nfor 
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for he afterwards very correctly translates the ¢itle of . 
the Letter, on. which alone he grounds, his, remark, *; 3s 
and he even gives it in a note in its original language, 
which. is .ag, follows: ‘‘ Sur; U Histoire. dela ‘Terre, | 
“ depuis, que: egtte, planete, fut, pénétrée, de Lumines. 
 jasqu,’a, 2; apparition. du. Soleil :. espace. de.,t temps 
ve qui, renferme; les. origines de Ta. chaleur, de] la hgure; 
“de notre. globe, de ses couches, primordiales,, de, 
ae Vancienne mex, , de n10s continens, comme, fond, de. 
“cet termer, de deur grandes) chaines de smontagnes, 
‘Cet: de la végétation.” If Mr. Playfair S. dndignation;) 
excited by his, oyyn misconception of my meaning nj 
this title, had, pot, -withheld him, dyom perusing, the, 
letter, he would soomhaye been aware, of t he EXPXESS 
distinction, which I made jbetween,the appearance. of, 
the, sun, ,and: its, eavstence ; since J; considered ity as ® 
central body im. our. planeta y, system, from, its opigin» 
He. would next have seen, the particular functions 
which L assig gned. to light, in,the physica} operations 
of, the. universe,, including those, sxhich were, to, take 
place in bodies formed to be phosphoric, before they 
should. become, so; and, he, would. haye, -BPESRIKE® 
that, far from, “‘ addressing myself to the fancy,”, 1 
pursued a didactic, method for such, persons, as might 
be: disposed to ;give.me that attention;. which he; has 
not. been milling to, bestow, onthe, letter, in, _question. 
ee qow : he el} + 
*“ On the History oF the s Bart Pain the time when that | 
7 planet was penetrated by light, till the appearance of: the 
s.sun;. a portion of time, whigh includes the origin of heat, and 
“of ‘the fiyure of: the earth; of its primeval strata, of ‘the’ ‘an= 
“cient sea, of our continents as the bottom of that Seay, of the 
“great chains of meveritaness and of vegetaticn..! ‘Lgwivo' ott 
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With regard to his remark, that I. go‘! out.of aa- 
* ture in seareh of knowledge,” this alludes te. what 
{ said concerning the origin.of light; now, if hetan 
discover it in nature;~—“ dicat.....et erit miki magnus 
“ Anollo.”. 1 trast that this explanation; by con- 
vineing him into what erroneous judgments we may 
be betrayed from want of attention, will,induce hint 
to grant some to what I am at present stating, 


213. Although neither Mr. Playfair nor Dr. Hut* 
ton explain their object, in supposing a large class 
of unstratified substances, produced by fusion, wn+ 
- derneath the mass of strata, their purpose evidently: 
is to close. the opening's made by the rupture of the 
strata, and more particularly to jill up the spaces 
necessary, during the process of elevation, to the 
angular motions of their separated masses; through 
which passages the expansible fluid would have made 
its escape. Now towards this end, it answered no 
purpose to fill up the mineral veins; on which great 
stress is laid; for the fissures. wherein they were 
-formied are nothing, in comparison with the ¢ztervals 
capable of admitting angular movements. . Neither 
was it of any greater avail to assimilate basalt and 
and whinstone to lava; for the strata of those sub- 
‘stances. have suffered all the catastrophes of the 
others. It was; therefore, without doubt, for this 
reason, that Dr. Hutton had reeourse to granite. 
He justly considered it'as lymg wader all the other 
mineral substances; and he thence imaghied, that, 
if it were a product of fusion, and had. been raised 
under all the other strata; it, must have filled up all 

ther 
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their interstices; and that then, becoming indurated 

in cooling, it would have cemented the whole of the. 
vault. . He has not explained himself on this sub- 

ject; yet such must have been his opinion, “since he 

relies on the solidity of the vault so far as not to be 

apprehensive of. the openings through which the 

“< fiery vapour” escapes, but even, on the contrary, 

to.adduce them in proof of his system. “ If the. 
“ theory is just,” he says, “ it is in the most elevated 

“places of the earth that we should find volcanos. 

** But is not this the case?.....The free eruption of 
“ the expansive power should be permitted, because 

“the purpose for which it had been calculated to 

“exist has been accomplished.” But, in adverting 

above, §201, to this pretended proof, I announced 

that these facts would appear to be in reality sub-— 
versive of the theory; and this I shall now proceed 

to show. | ay 


- 914. The substances in fusion must form and ae- 
cumulate on some basis, before they can be conveyed 
into the volcanic channels. ‘This cannot take place 
on an inverted basis, such as the jnterior surface 
‘of the vault; besides, lava is not granite, and it is 
with granite that this under part of the elevated ‘strata 
is supposed to be covered. ‘Thus the materials of 
java can form and accumulate only on the bottom of 
the caverns; and therefore the height to which it 
must ascend, before it can reach the chimney of a 
volcano, is no less than that of the whole space left 
empty by the elevation of the strata. Now no effort 
_ of the imagination can suggest a “ power” capable 
| of 
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of throwing up insulated columns of this melted ‘sub- 


stance, exactly opposite to the openings of the chah- 


| 


nels formed in the vault, and of continuing to force 


them through these channels up to the surface. ‘The 


whole theory of elevation, therefore, is ovetthrown 
by the very fact adduced in proof of it by Dr. Hut- 
ton; ‘and’ this operation being’ so peremptorily ex- 
cluded, the theory of gi beige! only is left for the 
eg blandtion of the very phenomenon which he’ had 
assumed as a proof of his own. TI had applied this 
theory, in my first geological work, to the accurate 
observations of my brother on an eruption of Vesi- 
vius, and on the island Vulcano, one of the Lipari 
Islands ; and I shall here briefly int eg what te 
said on the subject. 


215. During the subsidences of the’ strata; the 
fractured masses sunk down into the caverns by 
which the disruptions-had been caused; and asthe 
formation of new caverns occasioned tepetitions of 
these catastrophes, the masses sunk still lower, lea¥- 
ing between them interstices like the cavities which 


we observe in the internal parts of our mountains, 


and under some plains, but deeper and of much 
greater extent; as plainly appears from ear thquakes. 
Lavas are’ certainly foreign from our strata; this’is 


“acknowledged by Dr. Hutton: they are formed 


under all the strata; for volcanos now and then 
throw up fragments of granite, some of which my 
brother has met with on Vesuvius. Besides, it re- 
quires the resistance of the whole mass of our strata, . 
to bear the re-action of the expansible Studs, when 

R | _ they 
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they throw lavas.up to the summit ~ Pup and, the - 

Andes.:, The lavas, then, are:formed at the bottom 

of. caverns; from mineral.substances, unknown to us 

4njtheir natural state... When these substances, have , 
accumulated, in. those subterrancous galleries in:a 
sufficient quantity to obstruct the lower part of such 

_continuous. but tortuous channels as I have, found in - 
-some extinguished volcanos in Germany, offered them 4 
‘by: the interstices, of the masses of strata, the ¢on- 
-fined_expansible fluids acquire the degree of density 
requisite, to force up the lavas through these chan- 
nels, which are gradually prolonged. in the volcanic » 
scones... If the passage becomes obstructed, by. the 
“remains: of preceding avas cooled and hardened — 
within it, the new lava which has already entered 

this channel, is stopped in its course. This state is 

cindicated by the smoke ceasing to issue from the.cra-_ 
.ter ;, and also: by earthquakes, which are the. natural 

panty of the confinement of the expansible fluid ; and 

ythe reason. of their being, seldom attended Pr con- 
aaaeaile catastrophes, is found in the theory of sub- 

sidence, according to which the masses of strata un- - 

dergoing | these tremulous motions rest on the bottom 

of the.caverns ; while in the theory of elevation, such 
convulsions, occurring in a broken vault, would, 

notwithstanding the cement of granite, inevitably 

seause it to fallin. ‘The earthquakes, thus: occasioned | 
bythe obstruction of some, volcanic spiracle, conti- 

_nue until the heat of the new lava. has tmollified 
the. remains of the pr eceding lava. As soon as this 
happens, the. expansible fuids raise the whole, . and 
produce: an eruption, which often breaks out in some 
‘part. 
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part of the sides of the cone, if the ordinary passage 
is not entirely freed. At such times the most ¢on- 
siderable explosions of cinders, and even of large 
masses, takes place from the crater; because the 
expansible fluids penetrate the column, and rush out 
at its-upper extremity ; a circumstance observed by 
my brother, while standing on the very brink of the 
crater of Vesuvius, during an eruption. : 
216. In this comparison of the theory of subsi- 
~ dence, with that of e/evation, it has not been neces- | 
sary to enter upon the question, whether granite is 
a product of fusion, and thus unstratified. But, 
after having shown that this hypothesis is of no avail 
to the Huttonian theory, I shall now consider it as 
a separate object, on account of its importance, not 
only in mineralogy, but, more particularly, in geo- 

logy. It is important to the latter science, because 
of the theory of Dr. Hutton, who denies the possi- 
bility of discerning any marks of a beginning, in the 
operations of which we see the monuments upon our 
globe; and it 1s no less essential when considered in 
reference to those, who think that geology is not 
yet, nor perhaps ever will be, duftibladitly advanced 
_ to ascend to such a beginning in the history of the 

‘earth, and thence to trace down that history to 
our own time. If granite is a product of fusion, 
Dr. Hutton is authorised to think that every thing 
‘ antecedent to its formation is a mere subject of con- 

| jecture, and it is on this account that he supposes a 
~ succession of continents, some destroyed, and others 


eee without our being able to discover how this 
R 2 succession 
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succession first began. But if granite is disposed in 
strata, ut, like other strata, it is the result of chemi- 
cal precipitations, its production is then to be « con- 
sidered as the first effect of physical causes on our 
globe. Ihave shown in the preliminary discourse, 
§ 57, how this point alone, when properly investi-— 
gated, determines the whole history. of the, earth; 
and the circumstance of having to establish it against 
an opposite theory may be regarded as favourable ; 
since truth is ever rendered more conspicuous by the 
objections raised against it. With this view, 1 siiia 
return to Mr. Playfair s work. 


217. [have already had océasion to remark, that, in 
the Huttonian theory, the same circumstance is brought 
forward to prove granite to be. a product of fusion, 
which had led some eminent mincralogists to consider 
it as the result of chemical precipitations ; namely, that 
itis composed of a number of small crysta/s of differ- 
ent kinds. We shall presently find that M. de Savs- 
sure, who is in the first rank among geologists, ad- 
duces facts in confirmation of the opinion which I 
here follaw; whereas none are presented in. support 
of the hypothesis of fusion. We have seen that Dr. 
Hutton grounds himself on the phenomenon of lavas, 
the only product of fusion in the subterraneous re- 
gions, of which we have a direct knowledge; but 
were we, with him, to add to lavas basalt and 
whinstone, we should still find nothing that at all 
resembled granite. After having given in the text 
this singular proof, derived from the crystals.of the 
neat Mr. Playfair resumes the subject in his notes, 


Pp. 329. 
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p. 329. He there begins: by acknowledging that 
several mineralogists have brought forward instances 
to. prove the stratification of granite, and that he 
himself has observed two similar examples; after 
which he thus proceeds : | 


«What exists in two instances, may exist in many; 
“and, after these observations, I should be guilty 
“of great inconsistency, in refusing to assent to the 
‘accounts of Pallas, De Luc, Saussure, and many 
“ other mineralogists, who so often represent granite 
“'as formed into strata. In some cases, however, 
‘it is certain, that the stratification they describe is 
“extremely unlike that in the two instatices just 
“mentioned, and indeed very unlike any thing that 
“ig elsewhere known by the name of stratification. 
“ For example, the stratification must’ be very am- 
“ biguous, and very obscurely marked, that was not 
“discovered till: after a series of observations, ‘con- 
“ tinued for more than twenty years bya very skilful 
“and distinguishing mineralogist.. Yet such un- 
“ doubtedly is the stratification of Mont Blanc, and 

- of the granite mountains in its neighbourhood, as 
© it escaped the eyes of Saussure, in the repeated 
* visits which he made to them, during a period of 
** no less extent than has just been mentioned. It 
“was not till near the conclusion of those la: 
*“bours, to which the geologists of every age will 
* consider themselves as highly indebted, that, hav- 
“ing reached the summit of Mont Blanc, he per- 
“ ceived, or thought that he perceived, the strati/i- 
* cation of the granite mountains. ‘The Aigzlles 
| or 
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‘or Needles which border the valley of tidwoline i 
‘‘ and even Mont Blanc itself, appeared to be formed 
“ of vast tabular masses of granite, in position nearly 
“¢ vertical, and so exactly parallel, that: he did not 
“ hesitate to call them by the nameof strata: . Till 
a our moment, these same mountains, viewed from 

‘a lower point, had been regarded by him-ascom- | 

See of great. plates of rock, nearly vertical, in- 
“‘ deed, but applied, as it were; round an axis, and 
* resembling the leaves of an artichoke.” > 


218. Here again we must examine, what M...de 
Saussure himself says, in those Travels, ‘ to.which,” 
as Mr. Playfair justly observes, “ geologists ef every 
“ age will consider themselves as highly indebted.” 
But first geologists of the present day would do, well 
carefully to study that work, which contains so many 
valuable descriptions of important phenomena; for 
if Mr. Playfair had done so, he could not have said 
of that eminent mineralogist, that it was not till he 
“ reached ‘the summit of, Mont , Blane,” that. he 
“ nercevoed, or thought that he PURE the stra- 
“ tification of the granite, mountains.”... Tt was, on 
the contrary, in .1779,. eight years ther to his — 
excursion to Mont Blanc, that he had thus expressed 
himself in his first volume, $133.‘ It will be seen 
‘‘in the course of this work, that, on attentively 
observing the grazite in the mountains where its 
primitive position has not been. deranged, it is 
* found to be in /ayers or banks, sometimes indeed 
* of greater thickness than those in the secondary 
‘mountains, but equally, continuous, and. disposed 

with 
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* with dens the same regularity.” ' “Again it hes Says; 
-§136}° “ I concéive that'the several’ parts df! gra? 
“nite are all contemporary ; that they Have Hed 
“‘forined in'the’samé elemént, and by | the same Cause ; 

“and that the principle’ of this forniation® has been’ 

Big iaraaidemngie Elements of quartz, ‘of schorl . 

and of feld-spar, dissolved in thé same Ziguid, Have 

“descended, as they crystallized, ‘to the ‘bottom = 
“the liquid, some separate, some intermixed 3 
“the same manner as we'see water, saturated” di 
‘different salts, deposite, at the bottom of the same 
_. “vessel, the crystals of ‘all’ these salts, ‘more or less 
“ yegularly formed, and more or'léss intérwoven with 
“eachother. But I réservé detailed proofs of ‘this 
“explanation, for that part ef. ee Ww roe in eae T 
% “shall treat of granite: mountains.” HOD 1 Dis 

d oq i 

19, oF ive years HELO this, Mw de Sasser had’ 
made his second Voyage autour du Mont Blane, the. 
_ details of which form a part of his second volume, 
| published i in 1786: wherein, speaking of' the remarks 
that he ‘had made during his observation of the gra- 
nite’ Mountains bordering the Glacier de Miage; hé 
says, §89S: “ Dasked myself, while observing these 
¢* phenomena; whether the whole of this organisation 
“did not prove’ a \crystallization, which: had: pro- 
“ duced at the bottom of the sea horizontal strata, 
“afterwards, by some great revolution, set upright 
“upon their edges, and in the course’ of time di- 
“ vided? Eleven years of subsequent observations 
“ have served only to confirm me in this opinion.” 


Now it was not till a year after this, in 1787, that - 
M. 
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at 


A it,then, at that, time only that a discavered tA 
as Mr. Playfair says, ‘“ perceived, or thought. that 
‘he perceived”) the stratification of the granite 
mountains? He then, indeed, became sensible of 
a;mistake into.which he, had fallen, respecting the 
construction of the Aiguille du Midi; wut what. ex- 
cites my greatest surprise is that Mr. Playfair, being 
acquainted with the part, of M. de Saussure’s work 
in which he corrects. that mistake, should not have 
found there proofs of the stratification of granite, 
the most ,unanswerable, and, I. may say, the most. 
characteristic of truth. It is one of the most mas- 
terly specimens of. observation and philosophical 
' discussion to be met with in any geological, work ; 
and I doubt not that I shall gratify all those who do 
not possess this valuable collection of travels, by” 
transcribing the whole of the passage in question.» 
It occurs in the 4th volume, and. begins at § 1996. 


_.“ Notwithstanding the irregularities. observable in, 
“ the form and general distribution of the, great 
“« masses, I perceived indubitable and important 
“ analogies in the structure of the several parts. 
*« Every thing that I could distinctly see appeared 
“to me composed of vertical plates; and, by far 
“ the greatest number of these plates held a direc~ 
“tion from N, EF. to S. W. . I felt a peculiar plea- 
‘ sure in observing this structure in the Aiguille du 
“ Midi. 1 related, in chap. XVIII, vol. IL. with, 
*“ how much difficulty and danger I had dragged: 
« myself to the foat of this obelisk, in order to study 
phat |°:) 
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* its.form; and with what regret I had beheld. the, 
% inaccessible walls of granite surrounding, its: base,: 
‘which opposed themselves. to my eager ctiriosity. 

‘“ But here I viewed it beneath my: feet, and could 
“ minutely inspect it in.allits parts. On the second 
_ “day of my journey, upon reaching the edge of the 
“ bank of snow where I had passed’ the,night, I saw. 
“to the N.E,, ata small distance below me, an 
“* object that exhibited the appearance of dismantled 
“battlements. I. asked Pierre Balmat what this 
“might be; and when he told me that it was the. 
 Aiguille du Midi, which I soon, ascertained. to be 
“ the case, 1 experienced a sensation of delight that 
“ T cannot casily express. I did not lose sight of it 
“as I continued to ascend; and I was soon con- 
“ vinced that, like the digwilies de Blaitiéres, t was 
“ entirely composed of wast plates of granite, per- 

“ pendicular to the horizon, and le a direction 
“ from N.E. to$.W. ‘Three of these plates, se- 
*‘ parated from one another, form its summit, and 
“‘others similar to them, decreasing gradually in 
“height, compose its declivity to the south, on the 
“side towards Cramont.” 


220. The distinction here made by M. de Saussure, 
between the position of the great masses, and the 
structure of the parts, strongly marks the nature of 
the catastrophes suffered by our strata, which were 
originally horizontal and continuous. ‘The fractured 
masses, having undergone angular movements, formed 
those immense obelisks called Les Aiguilles, of which 
Mont Blanc itself, towering in proud pre-eminence 


above 
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above the. Hest)'is orie.’ oA in bafta subsidence ‘of 
these masses. ‘on Opposite sides, an effect ascribed’ by 
NM. de‘Saussuré to: what he terms ‘a refoulement™, 
which may,.toa certain degree, have taken place, 
produced’ thése angular ‘movements, by means’ of 
which thesdiréctions: and‘ inclmations’ of the strata 
may have. varied))in ‘the’ ereat masses)’ But their 
structure, that is}: their formation in parallel strata, 
musti ‘have been similar in all.» This circumstance 
is’ of\simportance, as\M. de Saussure well ‘‘ob- 
serves’ since | itcindicates, both that granite was. 
originally formed in strata, and. that the‘ fractured 
parts of its: mass have undergone aneular movements. 
Now the following is the passage wherein he aeknow- 
at that he hid wag into an ‘error. : 
gu, N42 L sh hort Liashre * 
~fSTam Ai aly lod to belicke that 1 was sdisvdien® 
“when, on viewing it froma lower point upward, IT 
‘nudged! it to-be composed of foliated rock, applied 
“ roundianiaxis, like:the:leaves of an artichoke ; jat_ 
“least, if thereareany plates disposed in this order, 
“they canbe only.the lowest; (which, without doubt, 
“have been displaced ;) for, on‘looking down’ into 
“the interior part, I observed that all the plates 
“<-were perfectly parallel to each other... Ihave given 
“a detailed. description of ‘this:summit, as affording 
“< an illustration of the rest all those which I could. 
© distinctly see exhibited: nearly. the same form and 
“ the same direction; and af there were any excep- 


~~ * See Mr. De Luc’s sense of this term, § 221. 
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‘tions, they were local and inconsiderable, This 
“ striking phenomenon is: accounted: for, as I ‘hope 
“to show in my Zheory, by the’ lateral: pressure, 
“ (refoulement,) which placed upright ou their edges 
“ those strata that were originally horizontal.” > 


221. Unfortunately, M. de Saussure not having 
published this Theory, which he promised in every 
successive volume, we do not know what he meant 
by refoulement. We may suppose, however, that, 
during the catastrophes suffered by the strata, of 
which he was the first to discover and establish the 
proofs, large fractured masses, not subsiding in a 
parallel direction, nor with the same degree of velo- 


city, reciprocally compelled each other to turn, which 


is-an evident consequence of some lateral: pressure. 
Now we must here recollect, that, in his important 
remark made on the summit of Cramont, ‘as early 
as in the year 1774, he proved that those phenome- 
na of granite were common to it and to the secon- 
dary strata, proceeding in both from the same cause. 
Among other cbservations on this subject, he intro- 
duces the following, in the chapter wherein he speaks 
of Cramont, $919. |“ The many proofs which, ‘at 
*‘ the time when I made that remark, I had. before. 
‘‘ my eyes, and others analogous to those, which my 
‘“‘ memory readily suggested, induced me to presume 
“ its universality; and I immediately connected ‘it 
“ with the observations which I had just made on 
“‘ the structure of Mont Blanc, and of the primitive 
‘“‘ chain of which it forms a part. I saw this chain 
“ composed of plates, which might be considered as 

“* strata; 
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*. strata ;—I observed these stratay'vertical in: the 
“centre of the chain, and the secondary strata,’ 
“nearly vertical’ in the line of their janction with 
“them, but becoming less so at a greater distance, 
‘ and ‘gradually approaching a ‘horizontal position, 
‘in proportion as they receded from their pomt of 
“support. I also saw the gradations, which I Had 
“already observed in the materials of the primitive: 
*¢ and the secondary strata, extending likewise'to the’ 
“* form and position of the strata themselves; as all 
“the summits of the secondary, which I viewed be+ 
“neath me, terminated in sharp pyramidal plates,’ 
“like Mont Blane, and the mountains that compose} 
“its chain.” When facts so important, so precise; 
and so evident, are brought forward, how can ‘an 
origin be ascribed to granite different irom that of 
all the other strata which follow it in those moun-. 
tains? The inference, therefore, ' drawn by Mr de 
Saussure, has indeed a strong clan upon the atten 
tion of “ ceologists of every:age.” » “ I conclude,” 
he says, “ from all these manifest relations, that,» 
“ since the secondary strata were formed at the bot-. 
“tom of the sea, it follows that che primitive must 
“have had a similar origin.” 1 shall now return to’ 
the remarks of this able naturalist, as contained in 
that very passage, § 1997, from which Mr. Playfair 
inferred only that he ‘ perceived, or thought that 
“he perceived, the stratification of the granite 
‘“ mountains;” while, on the contrary, he there brings 
in proof, of it a striking and demonstrative argu- 
ment. : : | | 
* But 
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rr But another a " he says, “ which I. ar- 
“ dently. wished. to resolve,.was whether these vast 
“‘ plates preserved, the same nature fr om their bases, 
.“ with which I had been long acquainted, up to their 
“ summits, which | had not as yet c losely inspected. 
* I was completely satisfied; I found the semmnuts of 
“these peaks, as well those which we were, able ac- 
+ tually to reach, and of which a deseription is given 
“in the preceding chapter, as those sufficiently near 
“ to afford us an oppor tunity of distinctly ascertain- 
“ ing the substances of which they were composed, 
“‘ to be unquestionably, like their bases, formed of 
“« granite, granitelle, veined granite, and other stones 
“‘ of the same class. 

“This fact is so important to theory, that, al- 
_“ though. I had observed it on less elevated moun- 
“ tains, and had supposed. the case to be most pro- 
“ bably the same with others, I felt extreme satis- 
“faction in generalizing it by a direct observation. 
“In truth we thereby ascertain a very remarkable 
“ property of mountains composed of vertical strata; 
* viz. that their nature is the same, from their base 
“to their summit. (Note.—It is essential to ob- 
‘serve, that this identity can be understood only of 
“a section, vertical, or parallel to the strata; or, 
““ which comes to the same thing, of one particular 
‘‘ stratum, the lowest part. of which is compared 
“‘ with the most elevated. For, if we viewed the 

“section of a mountain intersecting the strata at 
“right angles, or even obliquely to their direction 


? 
“then, in ascending, we should meet with different 


‘* strata, 
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of the phenomena of nature, they must be decisive of 
the above'quéstions. The proofs, therefore, of these 
generalizations. are all that: is remaining for me to. 
produce} and they will be found in the aecount of - 
pe Pravéls, which: will thiis i Nie my plan. 
49996. “YY order td establish this general theory, if 
was sttfficient to refer to such dotibral phenomena of 
our continents, as clearly manifest the effects of past 
éatisess’ and the highest mountains; particularly the 
Alps 8; have chiefly supplied me with those phenome+ 
na} ‘where ‘they have more simple characters, and 
are less remote from their origin. There we first. 
observe the schisti, as having dabei to the gra- 
jite “and? other contemporary strata, but evidently 
after’ catastrophes, which, m various places, have 
Separated’ those two classes, by the interposition of 
breccias containing fragments of the earliest class. 
To the Schisti succeed the most ancient of the calcd 
Fees strata, iticlosing the remains of marine animals; 
but these ‘also’ were produced after catastrophes, ir 
bonsequetice of which the primordial strata having 
their surface strewed with their fragments, breccias’ 
were again formed ef them, by which, in several 
places, Théte: ‘strata are’separated from the first of 
‘the calcareous’ kinds, To these last succeed other 
‘calca redus ‘trata of’ different species, followed: by 
tho se of ‘tndstving's 3 ‘still however with intermediate 
‘Breceias, each involving fragments of the anterior 
‘strata, “and 3 indicating catastrophes previous to every 
‘change in the precipitations. All these alternations 


are” observable in the Alps, and in ‘the adjacent 
tracts, 
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tract’, arid have been described with great accuracy’ 
by M. de Saussure: they likewise occur, with some 

differences; in other chains of mountains. These 

pheriomena were sufficient to lead toa general theory 

respecting the events of this long period, as wéll 

as to poirit out the suecessive causes of these events 

and this was the principe wiih mage § I had in 

view. 

297. But when we pursue. our cbiervaison’, lt 
extensive tracts of country, and on different. conti- 
nents, reat varieties occur in the successions: of the 
strata. This we might ‘naturally expect to be the 
casé in those wide tracts of hills\and plains; .wheré 
the catastrophes continued: during a longer period) of 
time) and the primordial ‘strata’ are: known to exist; 
only from the blocks and gravels of their’ severak 
species which were thrown outward: during: the ca» 
tastrophes, and’ disseminated over the surface; -by 
the action of the séa;» and: where) ¢onsequently} 
among the great variety of strata protluced by the 
changes inthe precipitations ‘after eacli)catastrophe, 
although in’ various countries certain isuevessions of 
the strata are found to be repeated) ‘yét,vin’ generaly 
great differences must tiecessarily oceur>:' Butindeed 
considerable differences of this king existed from’ the 
beginning of those operations! M.. de Saussure, 
for instarice, has shown, ‘with much detail, that, in 
setting out from the central chain of the Alps towards 
the opposite sides of those’ mountains, the'strata are. 
found not to correspond; and that, on the side to- 
wards ‘Italy, they descend: much more abruptly, 
thanon’ that towards Switzerland and Savoy, 'T here, 

Aa is. 
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notions of his, which I shall here examine, réspéct- 
ing the formation of chains of mountains,’ might 
hence alone. be overthrown; but the’ subject 1s too 
important in itself to be considered in that beso 
— of view. 


223, In my fires Tasted to Dr.: Hutton, where I 
controverted his opinion that granite was a product 
of fusion, 1 adduced against it, among other objec- 
tions, the following, § 30: ‘ If a substance in fu-— 
“sion had burst through our strata, would it only 
“have filled up their fissures? Would it not have 
‘¢ diffused itself in torrents on the surface, like the 
“ Jaoas?” Mr. Playfair, who mentions none of my 
objections, has doubtless not attended to this; but 
it was made also by another mineralogist, wr biomes he 
probably deemed it necessary to answer; and that 
answer will furnish me with a subject of farther re- 
marks. It begins, p. 340. 


« An argument, directed at once against the igne- 

“ ous origin and unstratified nature of all granite, 
‘is given in a work already mentioned. (/imeral- 
ogy of the Scottish Isles, vol. Il. p. 166.) Tf gra- 
“nite had flowed from below, how does it happen, 
“that, after it had burst through the strata of mi 
“ caceous schistus, &c. it did not oredtice the: neigh- 
““bouring country? If this hypothesis were ‘true, 
““ Mont Blane could never have existed,” “ A’ the- 
“ ory is never more unfairly dealt with, than’ when 
“« those parts are separated which were meant to sup- 
“port one another, and éach left to stand or fall by 
iQ | : * itself. 
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* itself. This, however, is precisely what, is .dotie 
* in the present instance; for Dr. Hutton’s, theory 
“ of granite would not deserve a moment's conside- 
“ ration, if it were so inartificially constructed) as to 
“suppose that granite was originally fluid, and yet 
to point out no means. of hindéring this fluid from 
*« diffusing itself over the strata, and settling in a 
“ horizontal plane. The truth is, that/ his. theory, 
‘* at the same time that it conceives this stone to have 
‘‘ been in fusion, supposes it to have been; in that 
“state, injected among the strata already consoli- 
dated; to have heaved them up, and to have been 
** formed in the concavity so produced, as ina mould. 
“Thus Mont Blanc, supposing that it is wnstrati- 
«« fed, is understood to consist of a mass. that: was 
“ melted by subterrancous heat under. the. strata, 
“‘ and being impelled upwards by a force, that. may 
‘stand in some’ comparison with that which pro-— 
* jected the planets in their orbits, heaved up the 
“strata by which it was covered, and in wba it 
¢ remained included on all sides. , 


“The covering of strata, thus raised up; may 
*‘ have been burst asunder at the summit, where the 
“ curvature and elevation were the greatest ; but the 
“* melted mass underneath may have already acquired 
* solidity, or may have been sustained by the beds 
* of schistus incumbent on its sides: This schistus, 
“ forming the exterior crust, was immediately acted 
“‘on by the causes of waste and decomposition, 
“which have long since stripped the gramite of a 
“* great part of its sl: and are now ee 
R t er 
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“thei power onthe central‘mass. That.even Mont 
«Blane “itself, as\ well'as other unstratified moun* 
“ tails) wasonce covered with schistus, will appear 
“ to Havexin it nothing incongruous, when we con= 
‘sider the height to:which the schistus still rises: on 
its ‘sidésj:or in-the adjacent:mountains; and when 
‘$ wereflécty that; fromthe appearances of waste and 
degradation which’ these mountains exhibit,it. is 
$* eértaim that the schistus must: have reached Frat 
is dng aie it sua at peut 
Hons Ite is ab lieene siaketiues that: when the: corre- 
% bibenainh parts are ‘brought together, and» placed 
“in their natural order, no:room is left for the re- 
“€ proach, that this systeny is anconsistent. with the 
‘““evistence of granite mountains. Ihave no plea- 
‘© sure in controversial writing ; and, notwithstanding 
“the advantages which ‘a ‘weak attack always gives 
“* to.a' defender, 1 cannot but regret, that Dr. Hut- 
** ton’s adversaries have been so much more eager to 
‘refute than to understand his theory.” 9...) 4 © 
294, Myre Playfair takes no: notice, in this pas- 
sage; ‘of the objections brought against the theory of 
elevation; ‘he thinks only of preventing the ertrava- 
sation of the granite, and for that purpose he enve- 
lopés it in the schistus. I shall soon return to this 
subject; but I must first observe that, while he ac- 
icuses those who do not acquiesce in Dr. Hutton’s 
theory of being “such more eager to refute than 
“to understand it,” it 1s himself, on the contrary, 
o ho: shere deserts that theory, and even exposes it to 
7 ridicule, 
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ridicule, . This hypothesis of Dr. Hutton respecting 


aA 


granite, which alone here engages his attention, forms 
only an appendage to that of elevation ; the “ melted 
“ oranite’ ‘itself requiring to be heaved up uwiider 
the strata. The objection, which I long ago ad: 
duced against the theory of elevation, was, that the 
only manner in which the action of heat could be 
employed for this purpose, was by tlie production of © 
some evpansible fluid; and that, when this fluid had 
escaped through the fractures of the mass of our 
continents, that mass would have fallen back again ; 
a circumstance which granite in a state of fusion, 
flowing all around down the sides of the vault, could 
not have prevented. Mr. Playfair eluded this ob- 
jection, by not explaining himself with regard to the 
mode in which heat was supposed ‘to exercise its 


“expansive power: I have therefore reverted to 


t, 


Dr, Hutton’s own exposition of his theory, and there 


we have seen him ascribe that effect to the exparisible. 
fluid, which he calls “ fiery vapour.” This formed 
the main objection urged in my first Letter; to which 
I added only as accessory that relating to the extra~ 
vasation of the supposed melted granite. Mr. Play- 
fair, doubtless, well understood the force of the 
former objection; since, although, on account of the 
latter, he was obliged to point out a power that should 
have been capable of moulding the granite in the 
schistus, while it heaved them up together, he did 
not venture to adduce the “ fiery vapour” of Dr. 


Hutton. But what force has he employed? “A 


‘ force,” he says, “‘ that may stand in some compa- 
“ yjson with that which projected the planets in their ‘ 
s 9 ¢ orbits.” 
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“ orbits.” Can this be called an tdlustration of Dr. 
TIutton’s theory ? 


225. This, I apprehend, will suffice as to the re- 
proach, that the opponents of Dr. Hutton’s theory 
“ have been more eager to refute than to understand 
“it ;” bat itas of importance to examine Mr. Play- 
fair’s mode of vindicating that theory against the 
second of my objections, in the foregoing passage, 


where it is developed. He supposes that the region — 
of the Alps was occupied, at the birth of our conti- . 


nents, by one continuows mass, more elevated than 


Mont Blanc is at present; and it must have been the 
same with all other moumtaimous tracts; since this 
theory, in which the angular movements of the great 


‘masses are admitted, supposes also, in common 
with the systems of less advanced geologists, that 
the vallies by which these tracts are divided into 
chains, have been ercavated by running waters. 


Here then we are brought back to this great ceolo- © 


sical object; for, in the theory which we are dis- 


cussing, every means must have been employed to 
support the hypothesis of the hollowing out of val- 
lies, because they are required to furnish materials 
for future continents: and we are brought again to 
this point more particularly in reference to one of 
equal importance, which I have for some time kept 


back, on account of the many others that were to’ 


be connected with it; I mean the dlecks of granite, 
and of other kinds of stone, which are found disse- 
minated over the surface of our continents. 


226. Little, 
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996. Little attention has hitherto been paid to this 
important phenomenon, on account of the vague idea, 
that, in the course of mumberless ages, these blocks, 
propelled by running waters, may have travelled over 
our continents. I have never refused ¢zme for the 
production of any effects to which a cause has been 
assigned, examining only whether the cause adduced 
were adequate. Now, I have long opposed to the 
action of running waters in the case here in view, 
"the interposition of vast chains of mountains, Letbesit 
many tracks over which these blecks lie scattered 
and every eminence composed of the same kind of 
stone. Dr. Hutton and Mr. Playfair are the only 
geologists who have noticed this objection; and they 
have attempted to obviate it, by supposing the mi- 
_ gration of these blocks.to have preceded the hollow- 
ing out of the vallies by running waters, A full 
discussion of this only resource of the hypothesis of 
such a migration will be very useful to those who 
take interest in geological subjects, by evincing the 
importance of a phenomenon so common as that of 
the scattered blocks, in an inquiry into the causes 
which acted on our globe, before the birth of our 
continents. In order to introduce the subject here, 
I shall revert to a passage of Mr. Playfair, which I 
cited before, § 113, and which is in ‘ 112 of his own 
work, 


“The operation of rains and torrents,” he says, 
“ modified by the hardness and tenacity of the rock, 
“has worked the whole into its present form; has 
" eee out the vallies, and gradually detached 

the 
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“ the mountains from the general Mass, Gutting down 
“their sides into steep precipices at one plies and 
“ smoothing them into gentle declivities at another. 
‘“ From this has resulted a transportation of materi- 
*¢ als, which, both for the quantity of the whole, 
“and the magnitude of the individual fragments, 
“ must seem incredible to every one, who has not 
“‘ learned to calculate the effects of continued action, 
“and to reflect, that length of time can convert ac- 
‘* cidental into steady causes. Hence fragments of 


‘rock, from the central chain, are found to have. 


“ travelled into distant vallies, even where many 


“inferior ridges intervene: hence the granite of 


-“ Mont Blanc is seen in the plains of Lombardy, or 


“ on the sides of Jura; and the ruins of the Carpa- 


~ thian mountains lie scattered over the shores of the 
‘ Baltic.” ” 


997. Mr. Playfair subjoins to this passage his 


note XVIII, in which he illustrates the text by She. 


following explanation, p. 384. 


“ The doose stones found on the sides of hills, and 
“the bottoms of vallies, when traced back to their 
“ original place, point out with demonstrative evi- 
“ dence the great changes which have happened since 
*‘ the commencement of their journey; and in par- 
“ ticular serve to show, that many vallies which now 
“ deeply intersect the surface, had not begun to be 
“** cut out when these stones were first detached from 
“ their native rocks. _We know, for instance, that 
stones under the influence of such forces as we 

are 
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“ are now considering, cannot have first descended 
“from one ridge, and then ascended on the side of 
“an opposite ridge. . But the granite of Mont Blanc 
“has been found, as mentioned above, on the sides 
“ of Jura, and even on the side of it farthest from 
“the Alps. ‘Now, in the present state of the earth’s 
*‘ surface, between the central change of .the Alps, 
*‘ from which these pieces of granite must have 
“ come, and the ridge of Mont Jura, besides many 
“smaller vallies, there is the great valley of the 
“ Rhone, from the bottom of which, to the place 
“ where they now lie, is a height of not less than 
“ 3000 feet. Sones could not, by any force that 
“ we know of, be made to ascend over. this height. 
‘We must therefore suppose, that when they tra- 
“ welled from Mont Blanc to Jura, this deep valley 
“did not exist, but that such a wniform declivity, 
‘as water can run on with rapidity, extended from 
* the one summit to the other. ‘This supposition 
“ accords well with what has been already said con- 
“ cerning the recent formation of the Leman Lake, 
“ and of the present valley of the Rhone. 


228. There are, I believe, few instances of gra- 
tuitous hypotheses more evident than this. Mr. 
Playfair does not mention that I had opposed the 
intervention of vallies and chains of mountains to 
such a transportation of stones ; and that I had even 
assigned a cause why they were found scattered, not 
only on the sides of Jura, and in the plains of Lom- — 
bardy, but likewise over immense tracts far remote . 
from any mountain whatever. Yet, as if the pre- 

| ceding 
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ceding objection had originated with himself, and he 
was therefore under no necessity of answering it; as. 
if he had refuted my system concerning the origin of - 
these blocks, and established his own to the exclu- 
- gion of all others; or at least as if, having compared 
the granite of the blocks on Jura with that of Mont | 
Blanc, he had shown by evident characters that they 
could not have proceeded from any other mountain ; 
he decides that “ we must suppose” them to have 
migrated from thence. I shall not, however, con- 
fine myself to the above remark, nor to the observa 
tion that one reason ef his trusting to this gratuitous 
hypothesis is that it ‘ accords well” with the other, 
“ concerning the recent formation of the Leman 
* Lake:” neither shall I content myself with assert- 
ing that 1 have seen what Mr. Playfair has not, the 
blocks on Jura, and the granite of Mont Blanc, and 
that the former might with as much reason be re- 
ferred to the Gzant's mountains in Silesia ; 1 propose 
to trace back his mistakes to their origin, by follow- 
ing him through the whole of his exposition of this 
singular hypothesis, wherein will again be manifested 
the error of the supposed excavation of vallies, by 
running waters ; on which every thing rests, as well 
in Dr. Hutton’s system, as in several others equally 
ungrounded 


¢ We can derive,” he proceeds, “ in a matter of 

* this sort, but little aid from calculation; yet we 
“« may discover by it, whether our hypothesis trans- 
* gresses materially against the laws of probability, 
and is inconsistent with physical principles already 
is _ * established 
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“established, ‘The horizontal distance from Mont - 
“ Jura to the granite mountains, at the head of the 
“ Arve, may be accounted fifty geographic miles. 
“ Though we suppose J/ont Blanc, and the rest of 
“those mountains, to have been originally much 
“ higher than they are at present, the zidge of Jura 
*€ must have been so likewise ; and though probably 
* not by an equal quantity, yet it is the fairest way 
to suppose the difference of their height to have 
* been nearly the same in former ages that it is at 
«« present, and it may therefore be taken at 10,000 
“feet. The declivity of a plane from the top of 
““ Mont Jura to the top of Mont Blanc, would 
** therefore be about one mile and three quarters in 
“ fifty, or one foot in thirty; an inclination much 
“ sreater than is necessary for water to run on, even 
“‘ with extreme rapidity, and more than sufficient to 
* enable a river or a torrent to carry with it stones 
“ or fragments of rock, almost to any distance. 


*¢ Saussure, in relating the fact that pieces of gra-. 
“mite are found among the high passes near the 
“summits of Mont Jura, alleges, that they are 
“‘ only found in spots from which the central chain 
“of the d/ps may be seen. But it should seem that 
“ this coincidence is accidental, because, from what- 
“ ever cause the transportation of these blocks has 
*« proceeded, the form of the mountains, especially 
* of Mont Jura, must be too much changed to ad- 
“‘ mit of the supposition, that the places of it from 
“ which Mont Blanc is now visible, are the same . 
“ from which that mountain was visible when those 

| *S stones 
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** stones were transported hither. It may be, how- 
** ever, that the passes which now exist in Mont Jura 
“are the remains of vallies, or beds of torrents, 
“ which once flowed westward from the Alps; and 
as ign is) natural, that the fragments from the. latter 

‘mountains should be found in the neighbourhood 
““ of those ancient water-trucks.” 


229. It would lead us too far to show, by an ac- 
tual description of the spots themselves, that, if Mr. 
Playfair had been acquainted with them, he assu-_ 
redly would not have hazarded such conjectures.: He 

takes the same liberty with the passage of the waters 

and blocks of granite from the Alps, as a poet might 
allow himself in tracing that of Hannibal over their 
chain; and he does not reflect, that the millions of 
years required for such changes, would bury the 
origin of the human race in the night of time, and 
rank the final end of individuals among the dreams 
of imagination. But 1 hope to restrain ‘his flight of 
his fancy in its first career, by returning with him to 
his original eminence. . 


aoa ‘Mont Blane,” he had observed; in the passage 
quoted in §223, “ supposing that. it is unstratified, 
‘* is understood, to consist of a mass that was melted 
“by subterraneous heat under the strata...already 
“ consolidated ;? which it has “ heaved up; and has 
“been formed in the concavity so produced, as I a 
“ mould......The covering of strata, thus raised up, 
“ may have been burst asunder at the summit, where 
the curvature and elevation were the greatest; but 

‘ the 
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** the melted mass underneath may have already ac- 
** quired solidity, or may have been sustained by the — 
“beds of schistus incumbent on its sides. | This 
“ schistus, forming the erterior crust, was imme- 
** diately acted on by the causes of waste and decom- 
‘f position, which have long since stripped the gra- 
““ mite of a great part of its covering, and are now 
“ exercising their power on the central mass...... From 
“the appearances of waste and degradation which 
“these mountains exhibit, it is. ceftain, that the 
“ schistus must have reached much higher than it 
* does at present.” 


250. Thus, at the birth of our. continents, the 
whole tract of country comprised between the chains 
of the A/ps and. of Jura, though the chains them- 
selves, and the hills which separate these two differ- 
ent classes of mountains, are composed of strata of a 
great variety of genera and species, and though 
‘their masses have undergone such angular move- 
ments, as must have required considerable vacant 
spaces, was nevertheless occupied only by a single 
mass, of which the declivities were sufficiently regu- 
lar to enable the torrents to bring down with them 
blocks of granite, trom the highest point of the con-. 
vexity to its boundaries; which were, on one side, 
the Jura of the present time, with the hills of 
Franche Comté and Burgundy, and, on the other, 
those of Lombardy. Such is the strange hypothesis 
of Mr. Playfair > an hypothesis, which must how- 
ever have been also adopted, though silently, by all 
those who have maintained, and still continte to 

piers maintain, 
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maintain, the excavation of vallies by running wa- 
fers; not considering the millions of years, during 
which, upon such a supposition, our continents must 
already have existed. But time cannot operate 
without the means of action; whence arise these 
questions : In such a situation of things, where must — 
the blocks of granite have been, which were to be 
propelled? And next, where were the torrents that 
should have propelled them? These are questions, — 
which had not occurred to such geologists; and 
which, being examined, will prove subversive of the 
whole theory. 


231. The granite was “ covered by schistus ;” 
and Mr. Playfair does not venture to strip it of its 
“‘ covering” to any considerable degree, lest it should 
have flewed out at the surface; for he dares not trust 
to the circumstance that it “ may have already ac- 
* guired solidity ;” because a mass of such an enor- 
mous size could not, at the time of its being “ heaved 
“up under the strata,” and moulded in the “ con- 
* cavity,” have been in a state different from Java, 
the mass of which is almost nothing, in comparison 
with that before us. Mr. Playfair, therefore, con- 
tents himself with observing that “ the covering of 
“¢ strata” (the schistus) “thus raised up, may have. 
‘* been burst asunder at the summit, where the cur- 
“ vature and elevation were the greatest.” Here, 
then, the granite will make its appearance; but 
what cause can he point out capable of fracturing 
it subsequently into blocks? Facts would have here 
jnstructed him, if he had been acquainted with these 

mountains ; 
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mountains; and the place of facts might have been 
supplied by reflection. Blocks neither are nor can 
ean be formed, excepting on those sides. of the 
mountains which are already abrupt.and fissured: 
there the water percolating through the crevices. and 
interstices, and freezing during the winter, produces 
the effect of gunpowder ; separating from the mass 
of the strata such parts as are fractured, and have 
no support without. Such is the process of degra- 
dation, where those abrupt sides have resulted from 
the catastrophes, by which the whole mass of solid 
strata was convulsed and shattered ; as may be seen 
in all the sides of the mountains which are actually 
crumbling down, and even in quarries, where the 
size of the pieces obtained is limited, not so much by 
weight, as by the fissures of the strata. Now to 
show in what manner blocks are detached from 
mountains in their present state, is to prove that 
none could possibly have been separated from that 
mass of granite which Mr. Playfair supposes to have 
made its appearance, “ where the curvature and 
“ elevation were the greatest ;” that is, toward the 
middle of the mass, the convevity of which could 
not be considerable, since he estimates the declivity 
on either side at only one foot in thirty. 


252. No block of granite, therefore, could have 
been formed on that almost horizontal summit; but 
granting that there might be some, still where were 
the torrents to put them in motion? At such an 
elevation in the atmosphere, an elevation supposed 
by Mr. Playfair to have even been. originally much . 

| greater, 
g 
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preater, this convex mass would have become ins 
erusted withéce of considerable thickness, beneatli> 
which’nothing could have been put in motion: but 
besides, it is'sufficiently evident that no torrents can 
ever exist On the highest parts of erounds, | There 
remains, then, no assignable source of granite blocks, 
and Mr. Playfair’s imagination is eflectually checked 
in its first flight. \ It is therefore of no importance to 
consider the present or anterior connexion betwee 
the Alps and Jura; not a single fragment could either 
have been broken off or removed from this mass ‘of 
granite, which had appeared at the highest point of 
the convexity, at the time when its declivity is sup+ 
posed to have been uniform.’ Let us however admit 
the effects of detritus and waste, notwithstanding the 
certainty that the icrustation of ice would have pre- 
vented them. » The “ schistus,” as Mr. Playfair justly 
observes, must have been acted on in the first place, 
as “covering” the granite ; and the causes of decom 
‘position must baa exercised: their power so much 
the more rapidly on the former, as it was inferior if 
hardness to the latter. The granite, indeed, would 
afterwards have been exposed to the action ‘of the 
same causes; but not until a valley had already been 
produced at its foot, between itself and the schistus; 
and there, supposing it possible that blocks could 
‘have been formed before'the granite had acquired 
abrupt and fractured. sides, the migration of those 
fragments would have terminated. 


233: ‘This: Mr. Play fair micht have kinases ‘had 
he followed with strict attention the. ccansequences. of 
| : his 


— 
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jiis-hypothesis. . Above-all, he would have seen how | 


much at‘variance with it are his own remarks in 
§ 348...‘ For.the moving of darge masses of rock,” he 
says,‘ the most» powerful engines without doubt 
“which nature employs are the glaciers, those lakes 
*\orerivers! of ice which are formed) in the highest 


“yallies of the, Alps, and other mountains -of the — 


ff first-order. These great masses are in perpetual 
“Smeotion,;: undermined by the influx of heat from the 
“earth, and impelled'down the declivities on which 
they rest. by their enormous weight, together with 
“that.of the innumerable fragments of rock with 
‘whichithey are loaded, These fragments they gra- 
* dually transport to their utmost boundaries, where 
“a formidable wall ascertains the magnitude, and 
“ attests the force, of the great engine by which it 
‘“was erected. The immense quantity and size: of 
“the rocks thus transported, have been remarked 
“with astonishment by every observer, (Voyages 
“ aux Alpes, tom. IT. § 854,) and explain sufficiently 
“‘ how fragments of rock may be put in motion, even 
“« where there is but little declivity, and where the 
“* actual surface of the ground is considerably uneven. 
“ Tn this manner, before the vallies were cut out in 
*‘the form they now are, and when the mountains 
“were still, more elevated, huge fragments of rock 
““ may have been carried to a great distance.” 


234. Mr. Playfair could not have retained such 
opinions, if he had read without .prepossession the 
descriptions of M. de Saussure, to which he refers 


both here, and with respect to another object which ~ 


wil 


* 
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will follow. Why are the glaciers loaded with 
“« fragments of rock?” Because they exist in val- 
hes the sides of which are continually mouldering | 
down. Now how could a similar degradation have 
taken place in regard'to that small quantity of gra- 
nite, which, according to the theory, had penetrated 
the “ schistus” at the summit only of the vast cupo- — 
la? Mr. Playfair contents himself with referring to 
those parts of M. de Saussure’s travels, from ‘which 
he draws his conclusions; but it is highly impo 

to read the descriptions themselves ; I shall therefore 
introduce them; but that referred to in the above 
passage will be wiboedda by some others, to which 

we shall also be led by Mr. Playfair.’ 


935. Perceiving, without doubt, that an imme- 
diate transportation of “ fragments,” such as he had 
just supposed, from the summit of the Alps to Jura, 
antecedently to the formation of vallies, could not 
apply to all the phenomena of blocks, he undertakes, 
§.353, to explain in what manner, after they are | 
once detached from the mountains, they may conti- 
nue to advance, without beitig urged by impulsion of 
any kind. He suggests, as a bi st cause of their 
migration, the waste of the soil under them, a wasté 
more considerable on the side where there is any de- 
clivity; joined to the circumstance of the stone itself 
being rounded by exposure to the weather. Now it 
certainly might happen that some stones should thus 
make their way over an inclined surface; but when 
I shall come to describe their various situations, it 


‘will easily be seen that this account of their migra 
: tion 
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tion cahnot be applied to the vétste accumulations of 


-bloeks, found on level grounds, “very remote from ~ 


_ any mountain. 


“936. Mr. Playfair next proceeds to suggest the 
idea of another accidental motion which detached 
masses may acquire, adducing, as an instance, what 
are called rocking stones, or in Cornwall, Logan 


ones. They ae, in general, blocks. of granite; 


and are-sometimes found lying on hard calcareous 
strata, as upon Jura, but much more frequently on 
gramte. ‘This phenomenon occurs under yarious 
circumstances. » In some places, the horizontal strate 
of granite (for, whatever Mr. Playfair’s opinion may 
be, granite is stratified) have been considerably fis- 
sured, in a vertical direction, and have suffered 
partial subsidences, in the intervals of which remain 
a kind of pillars, horizontally divided, according to 
the strata of which they are composed, into rhom- 
boids or parallelopipeds. When the granite hag not 
been liable to be decomposed by atmospherical 
fauses, these pillars have been preserved without 
much alteration; some instances of which " have 
seen on the ridges of Hartz. But when the granite 
has been subject to decomposition, all the angles 
have been worn away, and the causes of detritus and 
waste have exercised their effect so far in the sepa- 
rations of the strata, as to reduce the rhomboids 
into spheroids. I have seen a number of pillars in 
the jatter state on the Giant’s mountains, in S2esia, 
separately, in some,places; while in others, several 
| | : | of 
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of them are disposed in a strait line, and, from a 
distance, present the appearance of so many high 
piles of gourds. , 


237. This phenomenon assumes a variety of as- 
pects; thus, for instance, I have seen a number. of . 
these groupes, not rismg above the suriace more 
than the height of two or three str ata, the masses of 
which, of considerablé magnitude, are likewise: roe 
duced to. spheroids, resting one on another,: thougia 
they touch but in a small point, comparatively. with 
their size. Now this is the case with the rechng 
. stones: the surfaces in contaet are of such smail ex- 
tent, and the uppermost mass is so nearly in an 
equilibrium, that, notwithstanding its magnitude, 
the strength of a single man applied to one of its 
sides is sufficient to cha nge its centre of gravity; and 
though at first m a degree scarcely, perceptible, yet 
the repetition of. such impulses, at each return: of 
the stone, produces at length a sensible oscillation, 
which afterwards, for a while, continues ef itself. 


238. Such is the phenomenon of € withthe Play- 
fair speaks; and after having remarked that these 
stones would fall from their pedestal if @ part 
‘ from one side” were “ cud off,” he supposes that 
‘their equilibrium may in time be destroyed by an. 
unequal decomposition of the parts of them cireum- 
ference, which would eccasion a progressive move- 
ment of the mass. He next proceeds to. speak of 
uther masses liable to split by. resting en har- 
row bases, so as to lose their ‘equilibrium, and be 

5 | enh put. 


QS 


putin motion on an inclined plane, He then goes 
on, as follows, §355. « “ Very unexpected accidents 
* sometimes happen to disturb the rest of such frag- 
“ments of rock as have once migrated from their 
“own? place. Saussure mentions a great mass of 
“ lapis ollaris, (Voyages aux Alpes, tom. IV. §1851,) 
“ that lies detached on the side of a declivity in the 
“valley of Urseren, im the canton of Uri. ‘The 
‘“ people use this stone as a quarry, and’are working 
“ it away on the upper side, m consequence of which 
“ it will probably be soon overset, and will roll to 
“ the bottom of the valley.” 


- 939. When I shall come to M. de Saussure’s 
description of the phenomenon in question, which is 
the only precise instance adduced by Mr. Playfair, 
after all this display of general means to put rocky 
fragments in motion, we shall see to what these*re- 
sources amount. But I shall first observe how singu- 
lar it is that his prepossessions should have led him 
to fix on this spot, in the course of a description of 
phenomena, the most evidently i in Opposition to his 
system respecting the formation’ of vailies by the 
action of the waters which we see running in them. 
I shall therefore’ for a moment postpone the consi- 
deration of the mass of /apis ollaris, inorder to point 
out some features of the valley of Urséren, as they 
are described in M. de Saussure’s work, beginning at 
§ 1850. ‘“ The valley of Urseren, situated between 
“ [Hopital and Zum-dorf, lies in a direction wi 
“ E.N.E. to W.S.W. ‘In the space between thes 

“ tyo villages, and ‘particularly in, the’ bed of. “ 
| T 2 “ torrent 
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“torrent. which runs through the valley, we found: 
% baa the ‘rocks forming its basis had their planes. 
‘yn. nearly the same direction’ so that: this valley, 
“as indeed every other appearance evidently indi- 
“cates, must be considered as one of the longitudi- 
“nal vallies of the Alpine chain. -In one or two 
“‘ parts of its course, its strata are nearly horizontal; 
“but this seems to be the effect of accident; their 
“ general position rather approaching to the ver- 
“ tical. The mountains which border this valley om 
“the N. N. W. are very high; one of them, which 
* is directly opposite to Zumdorf, is called the Afatz- 
“ Berg; another lying farther to the W.S. W. is the 
“ Spitz Berg.....its summit rises above all the other 
“ mountains which surround St. Gethard, and: is 
“ constantly kept in view during the descent from 
“ the Hospice des Capucins to the village of VHdpi- 
“tal: its sharp and indented projections are much 
‘“‘ admired, being of singular force and boldness...... 
-“ But, although the lofty summits of the mountains 
“ of this chain are granitic, yet their base, from La 
“ Fourche to Urner loch, is covered by. strata of 
ef S:ieshaereouls stone or argillaceous schistus, .w hich 
‘ rest against their foot. At the foot of the opposite 
ee rn which borders. the valley to the 8.5. E., 

neither. calcareous nor argillaceous beds occur ; 
( but only lapis ollaris, hich: inversely, is not t found ; 
“on the other side.” 


i 240. isl shall sn at present dwell on.this descrip- 
tion, for the purpose of showing how positively it 
Lecbedthiie the. sdb te of the excayation,of val: 


‘2 


lies 
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lies by running waters; while, (at they sameotimé,: it 
points out, the: cause of their existence, from the 
angular’ motion produced in the strata; which has 
rendered them vertical ;—-because Mr. Playfair might 
still suppose the stream which flows through the val- 
ley of Urseren to have excavated it. by pursumg the» 
direction of some soft stratum. » It is. therefore: far: 
ther necessary to take notice of the form of:this val- 
ley, as described by M. de Saussure, ascending trom 
the spot.where lies the great mass of lapis ollaris, to 
which I shall afterwards return.» ““§ 1852.0. From 
“this point, 1 again ascended ’:to: Hopital, and 
“ thence proceeded to Urseren, or Andermatt, which 
-*is the principal place in the valley, .and three quar- 
“ters of a league to the east: of ’Hopital.. The 
“ elevation of the spot on which this. village stands 
“fis 726 toises.. ‘The bottom of the valley near:An- 
‘“dermatt is ‘so flat, that little dowbt can be enter- 
“tained of its having been originally aclake. . The 
“ village is situated by the side of a. torrent, which 
‘issues trom the confines of the Givsons, peeves 

‘Cof the valley, and falls into» the Rezss.nn.§ 1853. 
‘‘ On following the borders of this bastante’ near An- 
*‘ dermatt, banks of sschisti occur, which are some* 
“‘ what remarkable.....their | strata. are) ofthe most 
“ perfect regularity, nearly vertical, running irom 
“E.N.E.-to W.S. W., and slightly dipping to the 
“S.S.E...2..§ 1854. As the source of the lower 
“ Rhine is distant only three short leagues irom An- 
‘ dermatt, and as in the road to-it there is a view 
f of the. pretty lake of Oberaip, I was: desirous. of 


* making this excursion, and I performed it on the 
“ 98th 
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“98th \of July;1775.. 1 first. ascended a steep 
“ eminence, which employed three quarters of an 
“ hour, over schisteus rocks of the same class with 
“ those..described im: the: preceding 4, .and situated | 
“« precisely.in the same manner. I then came to a 
valley covered ‘with’ pastures: this valley, bearmg 
“ the name of Obéra/p,; 1s:a contmuation of that of 
‘“ Ursereny..:.it has the shape of a cradie; the mea- 
dows rising on both sides to the foot of the steep 
* rocks. which border at: these meadowsvare inter? 
“spersed with huts, but there are no habitations in 
“them for the winter, Two short hours’ brought me 
from ‘Anderimatt to the banks of'the lake of “Ober: 
“alp. oo Dhis: lake: is scarcely more than a quarter 
"of a league in length, but it occupies the whole 
“ breadth of the valley, the bottom of which is im- 
‘deed very narrow. Its waters, which are clear, 
_ tranquil, and deep, fill the lower part of this green 
“ cradle, and produce a‘ singular effect, chiefly on 
account ef the masses of snow, which, on the side 
«“ not exposed to the rays of the sun, from time t6 
“ time .descend close to the edge of the lake; two 
small islands clothed with verdure contribute like- 
“ wise to adorn it; and, at its eastern extremity, a 
*t fine cascade falling from the summit of ‘a very 
“ elevated rock, serves to complete the beauty of 
* this romantic spot. The want of trees, however, 
“lessens the cheeriulness of the scene, for none grow 
5 here, nor im the lower valley. ‘A small wood of 
“larch only is seen, opposite to Andermatt; and 
much care is beanrem & on its preservation, as it 
% protects 
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‘* protects the valley from the destructive te of 


“ the avalanches. 


“ 1856.....A8 I could not easily approach the dif 


“ferent rivulets, forming by their junction what is 
“called the source of the Lower Rhine, the’ point, 

‘“ of which I thought it most mteresting to ascertain 
“ the elevation, was the summit of the Col, where 
“the waters separate, and run, some through tle 
“lake of Oberalp into that of Lucerné, and others 
“immediately into the Rhine. I accordingly placed 
‘“‘my barometer at the foot of a small cress, which 
— “stands on the highest part of this Co/, and serves 

\“ as a boundary between the country of the G'risen’, 
“and the valley of Urseren. On the 28th of July, 
“1775, ‘at 20 mmutes past 9, A.M. the barometer, 
“ corrected ‘from the eflect of heat om the mercury, 
“ stood at 22 p. 21; and the thermometer in the open 
“air, at 113. This observation, ¢ompdred with 
“that made at Geneva by M. pz ive, jun. gives 
“1029 toises above the level of the sea. 


* 


“$1857. The mountains, to the south of the 
“ eastern extremity of the lake of Oberabp, consist 
* of schisti subjéct to degradation, the strata of which 
“are not very distiiict. It seems, however, that 
“ their position isnéarly vertica/, inclining in a slight 
“degree to the N.N. W. towards the lake of Ober- 
“alp, and that their planes are im a direction from 
“R.N.E. to W.S8. W. But the opposite moun- 
“tains; to the N..E. of the lake, which constitute 
** the i of the Crispalt, have a very deaded 

** structure, 
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“ structure. They consist of gneiss, the grains of 
‘¢ which are more or less large, and. which in some 
‘places might be entitled to the appellation of 
§weined granite. ‘The strata ‘are wertical,. or at 
“ least nearly so, and they are constantly parallel to 
“ the interior veins of the stone. Their planes are 
“ in an exact direction trom E.N.E. to W.S. W: 
“like the valley of Oberalp, and that of Urseren, 
“as far as La Fourche, above the source of the 
“ Rhone, It is a singular circumstance to see two 
“such large rivers as the Rhine and the Rhone take. 
“their rise at the two opposite extremities of alon- 
“ gitudinal valley, parallel to the direction of the. 
“ strata of the mountains which enclose it. For this © 
** direction is the same throughout the whole extent- 
“of the two sides of the valley, with the exception: 
of a few irregularities, not deserving attention.” 
241. Here then are two rivers, which, through a. 
space of some: extent, flow in opposite directions, _ 
both rising at an elevated point, common to two val 
lies which run in the same direction; and we shall — 
presently see that this is one of the cases which Mr. _ 
Playfair, considering it in-a general manner, brings 
as a proof that the running waters have hollowed 
out the vailies, For he conceives that he can here - 
trace the effect of a force, which was “ nothing, or 
“ evanescent,” at the most elevated point, and which 
increased on both sides, as the distance from that 
‘point increased; “ the working of water collected 
‘from the rains and the snows,” being, he Says, 
* the on: y cause we know of which is subject to this. 
| law,” 
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law.” . But it may here already -be perceived, as.it 
will also evidently appear. in the instance to which 
he applies the above remark, that “ this law” itself 
does not exist; since we find that the valley of Ober- 
alp, from its very origin, is bounded by high moun- 
tains, between which it assumes the form of a cradle; 
its declivities, covered with meadows, rising to the 
foot of the steep summits which command them, 
and a torrent precipitating itself from a lofty rock at 
the extremity of this valley, the bottom of which is 
occupied by a lake. . Now could running waters, at 


their minimum of power, or even at their maximum, 


possibly form the basin of a lake? Assuredly not; 
on the contrary, when they have met with any such 
cavity on their course, they have. had a tendency to 
fill it up with the debris ot rocks, which at first they 
found in great abundance in their channels: this has 
been the case near Andermatt, where the bottom of 
the valley exhibits the appearance.of a lake that has 
been filled up. Moreover, could a current, that in- 
strument the “‘ repeated touches’ of which, accord- 


ing to Mr. Playfair, (Illustr. §.99,) may.be recog- — 


nized in our vallies, have cut out at different heights 
wide and horizontal vallies like those of Oberalp and 
Andermatt? Besides, what kind of out/et is there 
to this latter valley, described by M.. de Saussure as 
“ cheerful and verdant ?”. He inform us, in § 1859: 
“That this. passage is so narrow as to admit-only 
“ “the river; and. that it has been necessary, for the 
° accommodation of travellers, to cut-out a subter- 
“yaneous passage, about 200 feet im. length.” So 
that the pony idea Suge gested by. the accurate descrip 

tion 


DBs 
tion of this valléy, similar to sd many others in the 
Alps, is that’ of the causé which we shall presently 
find ‘assignéd to them by M.'de Saussure himself; 
namely, the erect position assumed by the strata 
daring the angular movements of the great masses, 
het: after Baas suffered. Homaiteiciinat fractures, 


rose-up in chains, aad were consequently sepetnes 
en ~vallies. 


' digs Ti the course of thesé descriptions, T have 
passed over, as‘ phenomenon of very little import- 
ance, ‘the mass of dapis ollaris, to which Mr. Playfair, 
though he had the descriptions before him, exclusively 
directed his attention ; but I now return ‘to that phe- 
nomeéhon; in order to transcribe what M. de Saus- 
stirée Says on the subject, m § 1851) referred ‘to by 
Mr. Playfair. “ In descending’ ‘from St. Gothard, 
* Thad met with fraginents of Lapis ollaris; Thad 
“even observed pieces of it among the stones with _ 
“Which thé toad is paved; bat F had seen throne th 
“their nativé spot. M. Reern offered to ‘show 
©tne' a ‘quarry of it near the road which I Had’ t6 
«ayéend ih my return to Fidpitel. When we were 
“shout half way, he led me Out of the high road, 

“and we went up some steep meadows, forthe’ pur- 
* pose of Seeing this quarry in the mountain, toS. 8. 

“ by E. of the valley. But I was éreatly astonished, 

“when, instead of a ‘quatry, I Saw only a block of 
“this stone. The biock, however, is of an énor- 
“ méus ‘size; it is upwards ‘of 100 feet in ‘Tength ; 

“its height is considerable ; and it is used asa quar- 
“yy. It is also evident that it has not come there 


from 


283 

© frome aap breat distance ; but it does not adhere 6. 
‘the ground, nor will it even long remain in its’ 

‘“présent place, if the people continue ‘to w ork it 
“away on the upper ‘side, where the stone 18 of a 

“superior quality ; for it will lose its balance, and 
“roll to the bottom of the valley.” This, without 
doubt, is very probable; but when the ‘stone shall 
have reached the bottom of the valley, it will fravel 
‘no farther ;°for nothing in the present state ‘of the 
globe can effect the transportation “of masses like 
this, when once they have reached horizontal planes, 
such as are found in all our vallies. Is this, then, 
any confirmation of the proposition advanced by Mr. 
Playfair in his §112, “ that length of time can’con- 
vert) accidental mto steady causes?”—a proposi- 
tion stipposed to be illustrated by the Nore, which 
has necessitated me to bring forward the whole sce- 
nery, from which Nir. Playfair had selected a single 
point. It is much rather a confirmation of whee I 
had explained im ‘my Letters to Dr. Hutton; Viz, 
that, on account of the state of disorder in ‘which 
our continents were at their birth, a state exhibiting 
only vast ruins of strata with abrupt and precipitous 
sections, plains covered with rubbish, and everywhere 
many cavities; the tendency of the causes, “ acci- 
* dental” as well as“ steady,” which have since 
acted upon them, has been, and still continues to 
be, only to bring their several parts to a fixed and 
permanent state. Ard here a remarkable circum- 
stafice strikes us in M. de Saussure’s description. 
After having asserted it to be “evident” that’ this 
stone head “not come from any great distance,” ‘he 
adds | 
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adds nothing to point out any place whence it might: 
have proceeded. Now, if we consider his having — 
begun with saying, that, “i descending from St. 
“ Gothard,” he “ had met with fragments of lapis 
“ ollavis, but” that having “ seen none in their nas 
“* tive spot,” a friend had “ offered to show” him “a 
“ quarry” of the stone, and that he had been much 
“ astonished” to find “ only a single block,” we can- 
not doubt his having directed his attention to the 
rocks immediately above him. What follows, there- 
fore, seems to be the reflection which naturally oC- 
curred to his mind, when he perceived in them no- 
thing similar to. this stone; ‘ it cannot, however,” 
he says, “ have come there from any great distance.” 
The pr obability of this remark, and the consequence 
resulting from it, will appear, when I shall proceed 
to hdavies an example, similar to the above, on the 
subject of erat masses of calcareous stone... bisa 


243. Weshall again be led. to descriptions given 
by M. de Saussure of very important phenomena, 
by the following passage from Mr. Playfair, $357, 
which serves as a conclusion to the ote already 
cited, on the transportation of stones, as well as to 
the preceding Notes, on Aivers and Lakes, and on 
Blocks and Gravel. 


“ The system” ite says, ‘ which accounts for such 

“ phenomena as have been considered in this and 
‘some of the preceding notes, by the operation of 
“a great deluge, or débacile as it is called, has been 
“already mentioned. In Dr. Iiutton’s theory, nor ~ 
“ thing 
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“ thing whatever is dstribed fo stich’ atcidental and 
“unknown causes; and, though their existence is 
“not absolutely dénied, their effects, whatever they 
“may have been, are alleged to be entirely oblite- 
“rated, so that they can, -be referred to no other 
“class but: that of mere possibilities. A- minute 
“discussion, however, of the. question, Whether 
“there are, on the surface of the earth, any effects 
that require the ‘interposition of an extraordinary 
—“ cquse, would lead into ‘a longer digression than ‘is 
* suited to this place. I shall briefly state what 
‘appear to be the principal objections to all such 
“ explanations of-the phenomena of geology.” 
| 


244. I cannot proceed without offering some re- 
-marks on this passage, which is a very extraordinary 
one in’ two respects. And first, in speaking of a 
“ oreat deluge,’ Mr. Playfair might seem to allude 
to my system; in which I think [ have made it evi- 
dently appear that the Deivge, as recorded in the 
_ Book of Genesis, where we find it described as hav- 
ing resulted from the destruction of ancient conti- 
ments which the sea overwhelmed, furnishes the only 
explanation of the birth of our continents, accord- 
ant with geological monuments ; and that the chro- 
_ nology of that sacred Book is confirmed by all the 
effects of those causes which have ‘acted upon the 
surface of our continents since their birth. If Mr: 
Playfair thought himself able to refute this system, 
his attempt would not have been a “ digression ;? 
at least I. do not.consider in such:a light the discuss 
sion.of. his theory. Truth cannot be solidly esta- 

blished, 
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blished, without the previous removal of error. But 
neither here, nor in any other part of his work, does 
Mr. Playfair intend to advert to my theory respect 
‘ing the deluge; the objections which he proceeds to 
state refer only to the expression debacle used by M. 
de Saussure; and this is the next very exianopaey 
part of this passage. : 
oa 
245. What I am now about to observe on this 
head has already been remarked, in a general man- 
ner, by the Rev. Ep>warp Nangs, in his Bampton 
Lectures, p. 315; namely, that there is no theory 
which contains more ertraordinary causes than Dr. 
iatton’s; while Mr. Playfair, speaking of M. de 
Saussure’s system, particularly considers his friend's 


theory, as having superseded “ extraordinary causes.” 
M. de Saussure was the first who pointed out to us 
that the great chains of mountains consisted of strata, 


as well as mountains of less elevation, and- hills; 
- that these strata had been. originally produced at the 
bottom of the sea, in a horizontal and continuous 
position, and that they had assumed the form of _ 


~ mountains, in consequence only of the angular move- | 


ments of their masses, when separated by fractures. 


Dr. Hutton adopted this explanation, and referred — 
these catastrophes of the strata to the era of the birth — 


of our continents. ‘This surely is no erdinary cause ; 
nor is it become the less “‘ 


globe, at intervals of some millions of years. 
246, In 


ne 


| 


evtraordinary,’, because — 
Dr. Hutton has multiplied its effects, by ascribing 
to it a repeated production of continents upon our | 


| 
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* 946. Ta giving this account of the state in which. 
mountains are found, M. de Saussure left it unde-. 
cided, whether those portions of the dislocated strata, 
now the most elevated, had been lifted up, or whe- 
ther those, now lowest, had subsided. He deferred, — 
the decision of this question, to the time when be 
should have completed the observations which he 
had in view, intending then to state the theory which 
should result from the whole, collectively considered; 
an intention which he expressed in each successive 
volume. An untimely death deprived physical sci- 
ence of the farther researches, and of the theory, of 
this eminent naturalist; but the subject before us 
does not depend upon the question which he left 
undecided. Whether the birth ef our continents 
was owing to their elevation from the bottom of the 
ocean, as Dr. Hutton supposes, or was produced 
by the subsidence of other continents which the sea | 
overflowed; in either case, the waters must have 
retreated from the surface of the new continents. 
~ Now it is this retreat of the sea which M. de Saus- 
sure has called the débacle. By whatever name Mr. 
Playfair may chuse to term it, he must of necessity 
admit its reality; and whatever may have been its 
effects, he cannot ascribe them to an ordinary cause. 
‘The whole. of the above passage, therefore, which 
paves the way for the introduction of other objects, 
to which we shall presently came, is founded only 
on illusion. . 


OAT. M. de Saussure, ici area at first ascribed 
tea much power to the déhacile, not only, as we have 
already 
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already seen, for the transportation of fragments of 


‘stonés to great distances from the Alps, but even for’ 


the excavation uf some vallies. . It is also true that, 
in his earliest remarks, he inclined too much’ to at- 


tribute the latter effect, to torrents formed by the- 


rains and melting of the snow. In fine, though it 


is to him that we are indebted for the first correct 


notions respecting the formation of mountains, he 
was not always consistent in his expressions; for he 
sometimes speaks of successive formations of moun- 
tains, in passages where it is evidently to the differ- 


ent strata of those mountains that his remarks apply. 
But can it excite our wonder, that, when such great’. 


conceptions were first formed, even he, in whose 
mind they originated, should have intermixed with: 


them some errors, or should occasionally have been — 
betrayed into inaccuracy of expression? Yet him-- 


self pointing out, and that at a very early period, 
‘what might have led him to carry too far his asser- 
tions respecting the above supposed causes of vallies, 
he again recurs to his fundamental principle; for he 
says, in § 920, (the same to which we shall find Mr- 


Playfair refer his readers for the description of a val- — 


ley:) “I do not pretend to affirm that the waste and 
“erosion produced by the rains, the torrents, and: 
“the rivers, are the only cause of the formation of 
_ vallies: the vertical position of the strata in the 


“ mountains forces us to admit another, of which I - 


shall speak elsewhere. I wished only to make it 


“ appear that the correspondence of the angles, when - 


- occurring in vallies, does not iiss that’ such val-- 
“ lies are ‘the production of the sea,” ‘- Such, -in-fact, 


is a 


meee = 


7 
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is the sole object. of M. de Saussure in this. paras 


graph, in exhibiting the peculiar. characters of dif; 


ferent vallies, and that in opposition to the opinion 


of BourGueEt, which had been adopted by Burron, 


But he could not have forgotten the necessary conse- 
quences of the erect position of the strata, for in the 
sectionimmediately preceding, (the 919th) beginning 


- with the great scene displayed to his view from the 


summit er Cramont, he had shown that the formation 
of mountains must haye proceeded from the disrup- 
tion of ‘the strata, and the angular movements of the 
separated masses. He had then concluded the sec; 
tion in the following words: ‘“ Such were the ideas 
“ suggested to me by these new observations in 1774. 
“ Tt will be seen, in the 4th volume, how far twelve 


« or thirteen years of continual observation and re- 


“flection upon the subject may have modified this 
* first germ of my conjectures.” Now it is to this 


that he evidently alludes, when in ‘the next section 
hhe says, as we have seen above, that this other 


“ cause of the efor emetion of vallies shall be treated 
““ of elsewhere.” But, unfortunately, his 4ta and 


dast volume has apparent without the _promised 


theory. 


248, Let us now attend to Mr. Playfair’ s com- 


ments upon these observations, in. § 358, where he 
‘begins to state the objections which he had announced 
in thie preceding section. “The general structure 


‘“of vallies among mountains, is highly unfayvour- 
able to the notion that they were produced by any 


iff single g great torrent, which swept over the surface E 


Lee “ of 
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© of the éarth. In some instances, vallies diverge, 
“as it were from a centre, in all directions. iis 
“others, they originate from a ridge, and proceed 
“with equal depth and extent on both sides of it, 
‘* plainly indicating, that the force which produced - 
* them was not hing, or evanescent at the summit of | 
“that ridge, and increased on both sides, as'the dis- 
“tance from the ridge increased. The working of - 
“water collected from the rains and the snews, and 
“seeking its way from a higher to a lower level, 
“is the “only cause we know if which is pl ic to 
i this law.” ‘ oe 


249. It often happens that Mr. Playfair substi- 
tutes that which should be, according to his theory, 
for that which actually zs; I have already had occa- 
sion to make this remark, and I shall here bring a 
new instance in confirmation of it. § 360. ‘‘ Somé 
** vallies,” he says, “ are so particularly construeted, 
“as to carry with them a still stronger refutation of 
* the existence of a dédacle.” ‘This however can apply 
only to the effects; since the débacle, or retreat of 
‘the sea, is a fact. ‘“ These are the longitudinal val- 
** lies, which have the openings by which the water is: 
‘ discharged, not at one extremity, but at the broad- - 
“side, Such is that on the east side of Mont Blanc, 
“¢ deeply excavated on the confines of the granite and 
“ schistus rock, and extending parallel to the beds of 
“the latter, from the Col de la Seigne to the Col de 
‘© Ferret ; its opening is nearly in the middle, from 
‘‘ which the Dorea issues, and takes its course through 
“a great valley, nearly at right angles to the chain 
“of the dips, and to the valley just mentioned... 

| “ Voyages 


ee | age 
« (Voyages aux Alpes; tom. H.+§ 920.) «The. force 


eee excavated this valley must have. been nothing - 
“at the two extreme points, viz. at the Col de Seigne 


“and the Col.de Ferret, and must have increased 
“‘ with the distance. from each. It can, have been 
“6 produced, therefore, only, by the running of. two 


“streams in opposite’directions, on, a surface, that. 
“was but) shghtly uneven, these streams at meeting. 


“takin¢ a new direction, nearly at right angles. to 
“the former. A clearer pr oof could hardly. ‘be re- 
* quired than is afforded. in this. case, that what is 
‘now a deep valley was formerly solid rock,,, which 


AS “the runming of the waters: has gradually worn away; i , 


“and that: the waters, when they began to run, were 


on a level as high,>at least, .as the tops’ of those, 
“mountains by which. the valley is bounded toward | 


the lower’ side,” {' oif fe l ehid'ads » 


teN , 


- silts his attention to this § 920. of the Voyages 
aux Alpes, in which is given only a general idea of 


the situation of the.above valley, and that, as has been | 


remarked above, in the view of opposing it to the hypo- 
- thesis of Bour guet, followed by Buffon ; for it does not 


oe 


250. [tis stdin that Mr. Playfair hag entirely. | 


appear to me ‘that he-can have read the descriptions | 


“given by M. de Saussure of the extremities of that 
valley, where he would have seen how far “ the force 
“ which produced it” wa3 from being “‘ nothing, er 
* evanescent,” 1 shall begin with the description of 
the extremity on: the ial towards Col de Ferret, 
§ 861. ‘The Col de Ferret is composed of foliated 
“ grit and soft slate, the plates of which are vertical, 


ae excepting where they rest against the primitive 
! y 2 “ mountains, 
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“mountains. Their direction is S.S. by W., like 
“ that of the valley......The descent is very visi and 
‘dangerous, éven for mules, after rain, as the loose 
“slate forms'a very slippery soil. This declivity is, 
“like the Col, composed of slate and foliated grit; 
“but banks of calcareous stone of 'a slaty colour 
‘also occur, and this last stone constitutes exclu- 
«'sively the lowest part of the mountain on the side 
« towards the central chain......6:863. Lemployed/an _ 
“hour in descending to the first huts; they are 
ate called the huts of Prés'de Bar, and, ‘according 
“to our observations) are 145 towey lower than the 
 guminit of the Col, Between these huts, and the — 
“ne ¢lacier of Mont Dolent, there is\a hill ‘consi-. 
“-derably Higher than the foot of that glacier, from 
‘which it is separated by a deep Pinar 866. From 
“ the huts I descended to the bottom of the (great) 
“ valley, and there, for the purpose of observing the 
base of Afont-Ru, which separates the’ ‘placiat of 
“ Mont Dolent from that of Priolet, 1 left the beaten 
“* track, “and with some difficulty forded on my mule 
“ the torrent issuing from the foot of the former of 
“* these’ glaciers.......4 871. Along the réadthere:oc- 
‘ours, id the primitive chain, a successions of gla- 
‘ cjers,*svhich [shall not stop to desertbe.’ ~ One of 
“the most striking is a league distant from the base 
‘of ‘Mont Pereat; it is fovkhttk by the combination 
“ of four or ‘five others, which discharge their ice — 
“ into the same basin. About a quarter of a league 
‘beyond this glacier, the valley widens; it assumes 
“9 more cheerful aspect, and is covered ‘with huts, 
“ flocks, and pasture grounds. It bere takes the name 
‘ oe oft \ 
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« of Vallée d’Entréve.” Such is the description, of 
this extremity of the a The Col, or Mont 
Ferret, is first rapidly descended; and at the dis- 
_ tance of a league and a quarter from its foot, we 
already, reach the bottom of this valley, which is 
from eight to ten leagues in length; having left 
behind the vast projections of the Sentral chain which 
border it, forming distinct eminences, which separate 
the glaciers from each other. Are these the cha- 
racters of an “ evanescent force?’ of a force, which 
being at the very origin of its existence, could 
scarcely have begun any work of excavation? Do 
we not here, on the contrary, trace evidertt marks of 
subsidence ? 


_ 251. Let us now proceed to the other extremity 
of this valley, where we shell find characters. stil} 
more striking of its real cause, and more absolutely 
exclusive of that, ef which Mr. Playfair asserts that 
“@ clearer proof could hardly be required than is 
“ afforded in this. case.” We will therefore recur to 
M. de Saussure’s description of the Col de la Seigne, 
si gegen, in § 845. ‘‘ We employed an hour and a 

“ quarter in reaching the summit. of the Col, from 
“the hamlet of the glacier. . We there enjoyed, on 
“a remarkably clear and. fine day, the. beautiful 
‘‘ spectacle presented by this. spot, which is elevated 
“1263 toises above the level of the sea. Imme- 
“ diately beneath us was the Allée blanche, and, in 
“the same direction, the valley of Ferret, termi- 
“nated by the Col of that name. These two val-- 


“‘ lies, in reality, form only one, from eight to ten 
5 | “ leagues 


204: 


“leagues in length, running from N. E. to S$. W.,” | 
¢¢ and bounded, at its two extremities, by the two 


- Cols, which ‘are of the same nature, and nearly 


ae of the same’ height. This long valley is bordered 
- “on the left, o¥ to the N. W:, by the chain of Mont 
Blanc, majestically towering above thehigh Needles 
“which © surround. it...:.. The mountains which bor- 
“der this valley to the S.E. are less high, though 
“¢ still of considerable elevation; they are secondary, 
“and for the most part E learieci:s their summits, 
“nearly all of which terminate in a point, are ex-_ 
“tremely steep on the side next to the chain of 
- © Mont Blanc, and incline even towards that ridge, 
‘‘ as if making an effort to reach it. From the bot- 
“tom of this valley, which is rounded in the form 
“of a cradle, arise, very near the spot where we 
“stood, two pyramids, extremely sharp-pointed, 
“‘ and surpassing the Col in elevation. These two 
‘‘ pyramids are composed of a calcareous stone in- 
“ termixed with mica.......§ 849..... The waters which 
“¢ descend on that side of the Seigne discharge them- 
-* selves into the Po, and from thence into the Adri- 
“ atic.....§850. Shortly after we began to descend, 
“we passed near some beds of breccia remarkable 
_ **for the flatness of its fragments. These beds form 
“ with the horizon an angle of 51°, rising up against 
“ the central chain 5 aiid they run, lke the valley, 
“from N.E: to S. W......The breccia again occurs 
“ towards ‘the bottom of the descent, at ‘the foot of 
“the calcareous pyramids already mentioned... Le. 
‘#8851. The pyramid which is highest, and nearest 
to a Col, appears also to be composed of this 
breccia; 
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* breccia; but the lowest is not a breccia; it. is a 
“ orey calcareous stone, traversed by veins of spar, 
“ and occasionally of quartz. Nor is. the position 
“ of the strata the same in the two pyramids; in the. 
“ highest, they run from N, to $., while in the other 
“‘ they run nearly from N. N. by E. to 8. S. by W. 
“ Tn other respects, their configuration is the same ; 
“‘ they consist of vast pyramidal plates, almost ver= 
‘“ tical, applied one against another.” ‘These de- 
tails may serve to show how conducive to error are 
all vague and indistinct descriptions of phenomena. 
Lie pinple idea of a valley, the waters of which have 
no passage at its extremities, but only towards the: 
middle of one of its sides, leaves the imagination at li- 
berty to conjecture, that, at the extremities, the “‘ force” 
which produced the valley might have been, as it were, 
In its infancy, and might afterwards have increased, 
as the distance from those points increased ; a law, 
without doubt, applicable only to running waters 
which begin to flow at such extremities. ‘But the 
foregoing description, by its details, entirely sets 
* aside this idea, and refers us to a cause capable of 
having deepened the valley at its ertremities, as well 
as towards the middle, with only accidental differ- 
ences. Now such a cause is to be found in partial - 
subsidences of masses of the strata, at the time when 
the remaining lateral masses underwent those angu- 
lar movements, noticed by Mr. Playfair, which could 
not possibly have taken place, unless vacant spaces 
had existed between them. The effects resulting’ 
from these angular movements are ascertained by the 
position of the strata, in the ridges on eitser side of 
_ the valley. ‘ 
. 152. The 
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oko. The same. cause can ces itself in another 
part of M. de Saussure’ s description, where hé speaks 
of a lake in the same valley, very near to the Col de 
la Seigne: a circumstance extremely remar kable, 
and particular ly noticed by the Reverend E. Nares, 
in his Bampton Lectures “already cited, ‘p. 317. | 
“The stream from the Col de la Seigne” he observes, . 
“passes through the Lac de Chinon, which would. 
“surely not nave’ existed till this time, had that 
“Stream been the vehicle of such a detritus as must 
© have been necessary to the formation of the valley.” 
This is evident, and will become more so, by a con- 
sideration of the several phenomena which accom- 
pany this lake, as described by M. de Saussure. 


“$852. And first we find,” at the foot of the 
pyramids, “ an extensive tract, partly covered with 
“ debris and partly with meadows, at the extremity 
‘of which are huts, bearing the name of the 4dlée 
“ blanche. We leave these to the left, and pass on 
“to the foot of the vast glacier, also called that of 
“the Allée blanche. Jt is formed by the junction 
“ of three glaciers, which discharge their ice into 
“the same basin. ‘I'wo parallel ridges, composed 
“ of earth and debris, contrast with the whiteness 
« of the ice, which in itself is pure, shining, and 
“deeply furrowed by fissures, through which ap- — 
“ nears, towards the bottom, the green hue, peculiar 
* to the Glaciers. Some of the roeks, the extreme 
‘steepness of which prevents the accumulation of 
“ the ice upon them, by thus breaking its continuity, 
* discover to our view the astonishing thickness of 


¢¢ its 


297 
“its masses. The summit of the glacier is com- 
“ manded by a ridge of rock, which is itself crowned 
“‘ by a ledge of snow projecting towards the side on 
which we stood....:.4253. Still keeping in sight this 


“ proaching to an oval form, at the extremity of 
“which there is a small lake, called the Zac de 
““ Combal, or that of the Al/ée blanche......This lake 
~* and this little plain are commanded on the N. W. 
“by a mountain, which separates the glacier of the 
“ Allée blanche from another called the Ruize de 
“ Miage......This Glacier de Miage, adjacent to the 
“ mountain on the N. E., is not seen from hence; 
“for we are below it, and it is concealed from our 
““ view by its moraine, or the accumulation of stony 
“fragments and debris by which it is bordered and 
“enclosed. This moraine, elevated above the sur- 
“ face froth 100 to 150 feet, borders to the N. E. the 
“small lake which we are coasting. ‘The lake, the 
“ waters of which are of a blackish green, surrounded 
“on every side by these heaps of ruins, and by de- 
-  clivities interspersed with larches stunted and half 
“decayed, presents the most wild and ~ dreary 
* aspect.” | | 


253. We now come to the phenomenon, which 
had been adduced by Mr. Playfair in § 348, cited 
above, in proof that “ before the vallies were cut 
- out in the form they now are, and when the moun- 
tains were still more elevated, huge fragments of 
“< rock may have been carried to a great distance.” 
Let us then follow this description, to which he re- 

| fers 


258 


fers-his readers in a note, and which-we shall find 10». 
-§ 854 of M. de Saussure’s Travels. “ On quitting, 
“the larches, we found ourselves at the extremity, 
“of the lake; we crossed on.a wooden bridge the. 
* hidias vat issues from it; and we followed its: 
‘course, and the moraine of the Glacier de Miage, 
“ for the space of an hour. ‘This route is wild and. 
“desert in the extreme; the weight of the ice, con- 
cs tinually pressing on the debri is accumulated at the. 
“foot of the glacier, causes them to fall into the 
“ torrent, which is gradually undermining the moun- 
“ tain on the opposite side...... This route presents to 
“the lithologist the most interesting objects. He 
“ ans flee a great varicty of rare and curious 
‘ stones, brought AoRA by the glacier from the base 
“* of Mont lat which commands its left bank...... 
‘¢ Were it not known that these stones had been con- 
“ veyed thither by a glacier, no circumstance could 
“have pointed it out. The debris are accumulated 
“in such vast quantities, as effectually to conceal 
“ the ice, which is visible only at the bottom of some 
“furrows, scooped out by the waters that collect on 
“the surface. But, after having passed through 
“this narrow defile, we entered a cheerful valley, 
“ covered with fertile meadows; -and, on looking 
back, we saw the entire base of the immense gla- 
“ cier, over the rampart of which we had been tra- 
* velling.” eR 
954. I can readily conceive that Mr. Playfair, 
prepossessed in favour of his opinion, may have 
taken for a confirmation of it a part of the foregoing 
passage’ 
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passage ; but the remainder might have undeceived 
him, if, having read this whole volume with atten- 
_-tion, he had more particularly considered § 625; 
where, speaking of the Glacier des Bois, in the val- 
ley of Chamouni, situated on the opposite side of. 
the central chain, M. de Saussure expresses him- 
self as follows: ‘‘ The blocks of stone, with which 
“the bottom of this glacier is loaded, lead to an 
“ Important reflection. . When we consider the small- 
“ness of their number, and recollect that they are 
“ deposited at this extremity of the glacier in pro- 
“portion as the ice melts, we are astonished that 
*“‘ there is not a more considerable heap; and _ this’ 
** observation, as it agrees with many others which 
“J shall report in succession, may induce us to be- 
“lieve, with Mr. pr Luc, that the present state of 
* our continents is not so ancient as some philoso- 
* phers have supposed it to be.” M. de Saussure 
would have drawn a similar inference from the phe- 
nomena exhibited by the glaciers of the valley just 
-described. When we consider that glaciers descend- 
ing from the chain of Mont Blanc, border this val- 
ley to the N. W. from one extremity to the other, 
and that they ‘‘ deposit” in it “ fragments of stone, 
“in proportion as the ice melts,” is it not evident 
_ that, if such a deposition and accumulation of stones 
had been continued for an zmmense number of ages, 
. the bottom of the valley would at present be covered 
with them, and that no “fertile meadows,” inter- 
spersed with huts and cattle, would now meet the 
~eyer And, without entering at large upon the sub- 
. ject, since the moraines of the glaciers of the Allée 
blanghe 
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blanche and of Mid, ge, those accumulations of stones 
_ which. border the lake of Combal, are advancing 
into it, as well as’on the plaiié above and below it, 
and towards the torrent’ that flows out of it, what 
should have prévented them’ from having already 
filled up the lake, and covered all that space? In 
fact, these phenomena are of so striking a nature, 
that, were it not for the prepossession entertained by 


Mr. Playfair, they would assuredly havé served to. 


convince him that this valley, far from having been 
gradual] ly hollowed owt from a solid rock, is not so 
deep now, as it was at the birth of our continents: 
and, Cotte: to our immediate subject,) that none 
of the fragments brought down by the glaciers from 
the abrupt sides of the rocks, either have been or 
‘could have been transported out of the valley. 


955. A clear idea of the importance of the phe- | 


nomenon of the granite fragments found scattered m 
different countries may nate been formed already, 
from the details to which I have been led in examin- 
‘ing the several means employed by Mr. Playfair in 
support of Dr, Hutton’s opinion on this subject. 
These ceologists, more enlightened than the greater 
part of their predecessors, were ‘the first to acknow- 
ledge, that, in supposing a transportation of these 
fragments over the surface of the soil, it must be 
“considered that between many of the spots where 


they abound, and every granitic eminence, chains. of 


mountains intervene, along the vallies of which they 
could not possibly pass; whence it became necessary 
to show in what manner such a transportation could 

, have 


- 
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have been effected, -notw ithstanding mee obstacles. 
‘But it. may have appeared, from, the foregoing de- 
scriptions, that the means-employed by Mr. Playfair 
for removing this difficulty are whoily inadmissible ; 
and now, by adducing many other. particulars of this 
remarkable phenomenon, I shall render manifest, the 
impossibility of believing anti kind.of tr ansportation 
of these masses wlang the surface of the ground, and 
the consequent necessity of referring them to an ori- 
gin'veny difierent from that which bead been thus, as- 
signed ‘to them..,And,bere I shall begin with ob- 
serving that, when blocks of granite were supposed 
to proceed from er antic. mountains, their gexus on- 
ly was considered,;, whereas it would have been pro- 
perito compare the respective species. In the heaps 
of, blocks,/ for example, found in estphaia, Lower 
Saucony, and. Pomerania, there. occurs an astonishing 
variety of species, not only of granite, but of por- 
phyry, and other stones of the same class, entirely 
unknown in the mountams of Germany. This has | 
induced some German mineyalogists to suppose these 
blocks to have proceeded from the mountains .of 
Sweden » the ice in the Baltic having,served them as 
a vehicle for traversing that sea, of which, since 
then, ,the level-has:subsided. Others again, not.as- 
senting to sucha cause,, ave imagined these blocks 
to be the remains of granite mountains formerly ex- 
isting on those very spots, from the degradation of 
-which is derived the sand. found there in auch abun- 
dance, intermixed in some.places with great. quanti- 
_ ties of gravel of the same stones. But, if all the 
characters of this great phenomenon had been ascer- | 
tained 
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tained with exactgess, explanations so much at-va-_ 
riance with each other would never have been has 
zarded, — : 


956. Tt is not only at great distances from granitic 
mountains that the dissimilari ity of the species of the 
granite in these mountains and in the blocks denotes 
that they must have had a different origin. In the 
vicinity of the Giant’s mountains, and those of Hartz, 
IT have seen granite blocks, of species very distinct 
from any,found in those mountains. M. Parrin 
has observed the same phenomenon in Daouria, on 
the mountain Odon Tchelonn, where the granite of 
the blocks scattered over its declivity differs from 
that of the rocks which command it, whence, if they 
had proceeded from the mountain, they should have 
fallen. Similar cases occur in the Alps, as may be - 
seen en’ comparing the stones found on the declivities 
with the overhanging rocks. I have adduced an in- 
‘stance of this, in § 167, on the authority of M. ‘de 
Saussure, who mentions a number of primitive stones 
observable on the slope of a calcareous mountain, in 
the valley of Cluse. And in the chapter where’ he 
treats of the Lithology of the valley of Chamouni, 
after speaking of large accumulations of lapis ollaris, 
or serpentine stone, of which none is to be found in 
the rocks above, and describing other phenomena of 
the same kind, he makes, in §717, the following 
remark, certainly very essential, inasmuch as it re- 
lates to the distinction to be made between the phe- 
nomena which have their cause in the operations 
now taking place in mountains, and those which were 
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prodiiced ‘at the tifne of ‘the for a a of the Jatter. 
* Ttis an observation,” he says, “imtortant to the 
“ Théofy ‘of the Earth) that, in the uppér parts’ of 
“ vallies surrounded ‘by high mountains, we find no 
rounded ‘stones, foreign from the natiire of the par- 
“ticular valley in which’ we may chaneé‘to be; those 
“ that’ we meet with are never any thing more’ than 
“thé debris of the neighbouring mointains) In 
‘»laing, on the contrary, and at “the outlets of val- 
“ lies opening into plains, we find stones which seem 
“to have fallen fromthe sky, so widely different is 
“ their nature from all that we see in ‘the environs.” 


257. But'the stohes which are found disseminated 
over the surface of the land, and which belong to no 
-mountain of the country, are not only granite, por- 
phyry, and others of a similar kind; we see among 
them some of several other classes and species, and 
this is a very important circumstance of the pheno- 
menon, We find scattered blocks of granulated 
quartz, of laminated quartz, of grit, of waeken, of 
hornstone, of calcareous stone, as well as gravels of 
all these classes, and of flint, on soils very remote 
from every mountain composed of these stones. Mr. 
Playfair himself adduces several examples of this 
phenomenon which occur in England, and im coun- 
ties very-familiar to me; but he does not connect 
them with many others, which lead to the exclusion 
of the origin ascribed to them in his work. The fol- 


lowing is one of these examples, 4335. “ The road 


“to Eveter from Taunton Dean, between the latter 


» “and sieht passes over a large heath or down, . 


© oon- 
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‘* considerably east above. the plain of Bawntor. 
“The rock which is the base of this heath,. as. far 
“ as can be discovered is lime-stone, and over the 
“ surface of it large flints in the form of gravel, are 
“* very thickly spread. There is no higher ground in 
“ the neighbourhood from which this gravel can be 
“ supposed to’ have come, nor any stream that. can 
“ have carried it; su that 20 explanation of it re- 
“ mains, but that it is formed of the flints contained 
* in beds of limestone, which are now worn away. 
“The flints on the heath are precisely of the hind 
“ found i in the limestone; many.of them are. not 
“ much worn, and cannot have travelled far from the . 
“ rock in which they were originally contained... It 
* seems certain, therefore, that, they are the’ debris 
“< of limestone strata, now entirely, decomposed, that 
“‘ once lay above the strata which at present form the 
“ base of this elevated plain, and probably coyered 
“ them to a considerabie height... This explanation 
“earries the greater probability with it, that any 
“ other, way,of accounting for the fact in question, 
«as the travelling of the gravel from higher grounds, 
“ or the immersion of the surface under the sea, will 
* imply changes in the face of the country, incom- 
‘ parably greater than are here supposed. ,Qur hy- 
** pothesis seems to give the minimum of all the kinds. 
*‘ of changes that can possibly account for the phe- 
*¢ nomenon.” 


258. In §.336,. Mr. Playfair brings an instance of 
_the dissemination of a gravel patio of granulated 
quartz. . his gravel is found in great abundance in 

| Warwickshire, 
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Warwickshire, Leicestershire, Nottinghamshire, and 
as far as the south of Yorkshire, although “mo rock 
“of the same sort,” as Mr. Playfair himself says, 
“is seen in its native place. This enigma is ex« 
“* plained,” he continues, ‘‘ when it is observed, that - 
*‘ the basis of the whole tract......is a red sandstone, 
“ often containing in it a hard quartzy gravel, per- 
“ fectly similar to that which has just been men- 
“tioned.. From the dissolution of beds of this sand- 
“stone.....there can be no doubt that this gravel is 
“ derived.....1 have said,” he resumes, “ that a rock 
* capable of affording such gravel as this, is not to 
- “be found in the tract of country just mentioned, 
“ This, however, is not exactly true; for in Wor- 
“ cestershire, between Bromesgrove and Birmingham, 
“about seven miles from the latter, a rock is found 
“consisting of indurated strata, greatly elevated, 
“and without doubt primitive, from the detritus of 
“ which such gravel as we are now speaking of might 
“be produced. ‘These strata seem to rise,up Front 
under the» secondary, where they are intersected 
“ by the road; and, for as much as appears, are 
“not of great thickness, so that they cannot have 
*¢ afforded the materials of this gravel directly, though 
“ they may have done so indirectly, or through the 
“medium of the red sandstone; that.is to say, a 
“ primary rock of which they are the remains, may 
“ have afforded materials for the gravel in the sand- | 
*‘ stone; and this sandstone may in its turn have af- 
“‘ forded the materials of the present soil, and par- 

« ticularly the gravel contained in it.” 
x 259. After 
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259. After these explanations of particular phe- 
nomena, Mr. Playfair next enters into general spe- 
culations, to which I shall advert ;—but not until I 
shall: have first examined what he has said of those 


phenomena, in respect to which, thinking that he has’ 


considered them in all their circumstances sufficiently 
for the purpose of subsequent generalization, ‘he cites 
the following important maxim of Bacon: “ ‘That 
the explanation of a phenomenon should not bé 
* sought for from the study of that phenomenon alone, 
but rfvostis the comparison of it with others.” It 
were to be wished that he had really availed himself 
of such means of arriving at certainty, before he had 
given those explanations of the above phenomena, 
which I shall now proceed to examine. 


260. In the first example which he adduces, he 
dwells only on one of the phenomena of the particu- 
lar kind which he cites, namely, the gravel formed 
of flints,- which is found on the road from Taunton 


‘to Honiton, and which in general covers the Black- 


down hills ; because he imagines that this gravel may 


be attributed to the destruction of calcareous strata, 


ef the same kind as some which are here and there 


‘discovered among those hills. But he has not ob- 


served them so Sstentively as I have, and it will be 
seen in my travels both that his explanation i is abso- 
lutely excluded by facts, and that no other cause can 
be assigned to this, and to many other similar phe- 


‘nomena, than operations which took place im the 


ancient sea, 3 
: 961. With 


307 

261. With regard to the second example, where 
Mr. Playfair speaks of granulated quartz, he ad- 
verts only to the gravel of that class disseminated 
over some counties ; and he ascribes its origin to 
strata of a similar kind, which, in the first piace; 
produced the red sandstone intermixed with guartzy 
gravel, the sandstone itself being afterwards decom- 
posed. Upon which I shall BeutR with remarking 
that, considering the operations now going on upon 
our continents, it is impossible to suppose the exist- 
ence of those which he here accumulates on each 
other ; namely, the formation of this gravel by the 
destruction of strata of its own species, its dispersion 
over so vreat-an extent of country, its incorporation 
in real strata of sandstone, and finally the decompo- 
sition of the latter. I have visited that part of Eng- 
land since I have been acquainted with his work; 
and it will be seen in my travels how many circum- 
stances relative to this very phenomenon had escaped 
his observation. I shall here add only one other 
phenomenon, which is also common to Warwickshire, 
Staffordshire, Shropshire, and Lancashire; I mean 
the great quantity of granite blocks found in these 
‘counties, besides gravel and some blocks of granu- 
lated quartz; although the only granitic eminence 
in the vicinity of that extensive tract is Mount Sorrel 
in Leicestershire. 


962. But, with respect to granulated quartz itself, 
Mr. Playfair appears to be unacquainted with a phe- 
homenon, in comparison with which all this gravel 
must sink into insignificance. In Berkshire, Bugh- 
y eh et W iltshire, and Dorsetshire, where 
x Q ! there 
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-there is only sand and chalk, vast quantities of large 
blocks of granulated quartz are found in the sand, 
which blocks the inhabitants break into cubes, for. 
the purposes of paving and building. Windsor 
Custle, for instance, and its terrace, are constructed 
with this stone, which was probably taken from the — 
forest or the neighbouring heaths, where, neverthe- 


less, a great quantity of it still remains. The frag- “ 


ments of granulated quartz on Marlborough Flin 
are more generally known; and to give an idea of 
the magnitude of some of these blocks, it will be 
sufficient to state that the stupendous druidical mo- 
nument on Salisbury plain, called Stonehenge, is. 
formed of them. ‘To assert these primitive stones 
to be the remains of strata of their particular species, 
by which the chalk was formerly covered, would be 
framing an hypothesis similar to that, which derives 
the granite blocks of B) andenburg, Mechlenburgh; 
and “Pomerania, from granitic mountains anciently 
occupying these tracts; whence also the sand, which 

now covers them to such a depth, is supposed to 
have originated. We must then have recourse to a 
far different cause, common to all these phenomena. 


263. Proceeding afterwards to generalize his par- 
ticular remarks, Mr. Playfair expresses himself as 
follows, 4342: “ It is a fact very generally ob- 
“served, that where the vallies among primitive 
mountains open into large plains, the gravel. of 
“ those plains consists of stones, evidently derived 
“from the mountains. The nearer that any spot is 
“‘ to the mountains, the larger are the gravel stones, 
and the less rounded is their ae and, as the 

“ distance 
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* distance increases, this gravel, which often forms 
“a stratum nearly level, ‘is covered with a thicker 
“ bed of earth or vegetable soil. This progression 
“has particularly Bhd observed in the valfies of 
® Piedmont and the plains of Lombardy, where a 
“bed of gravel forms the basis of the soil, from the 
foot of the Alps to the shores of the Adriatic. We 
“may collect from Gurtrarp, that a similar gra- 
“ dation is found in the gravel and earth which cover 
“the great plain of Poland, from Mount Krapack 
“to the Baltic. The reason of this gradation is 
evident; the farther the stones have travelled, and 
‘the more rubbing they have endured, the smaiier 
e they grow, the more regular is the figure they as- 
“sume, and the greater the quantity oF that finer 
rm detritus which constitutes the soil. The washing 
“ of the rains and rivers is here obvious; and cach 
“of the three quantities just mentioned, if not di- 
“ rectly proportional to the distance which the stones 
“have migrated from their native place, may be said, 

“in the language of geometry, to be at least pro- 

“ portional to a certain function of that distance. 


“The immense quantity of caillour roulés, or- 
“rounded gravel, collected in the immediate vicini- 
ty of mountainous tracts, has led some geologists 
“to suppose the existence of ancient currents, which 
“ descended from the mountains, in a quantity, and 
‘with a momentum, of which there is no example 

“ in the present state of the world. Thus Saussure 
 “Imagines, that the hill of Supergue, near Turin, - 
“which is formed of gravel, can only be explained 
ae ‘by supposing ‘such currents as arc just mentioned, 
or 
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“ or what he terms a débacle, to have taken place,at 
“some former period. If however, we. ascribe. to 
a the mountains a magnitude and elevation vastly 
“ oreater than that which they now possess; if we re- 
iq ;, Sane the vallies between them, as cut out by the 
‘rivers and torrents from an immense rampartiof . 
solid rock, neither materials sufficiently great, nor 
“‘ agents sufficiently powerful, will appear to be want- 
ie. for collecting bodies of gravel and other loose 
“ materials, equal to any that are found on the sur- 
sf a OE of the earth. The necessity of introducing 
‘a débacle, or any other unknown agent, to account 
“ for the transportation of fossils, seems to arise from 
RTO -rating the effects of action long continued, and 
“not limited “py,such short periods as Ceumassee 
‘the works, and eyen the observations, of men.” 


264. Mr. Playfair himself has speculated a 
more than he has observed ; and, in regard to the ob- 
servations of others, he ayelle only on those which seem 
favourable to his system. If his theory were. true, 
appearances ought indeed to be such as he states 
them at the beginning of this passage; but nothing 
can be more at variance than that description is with 
facts. With respect to the circumstance whieh he 
adduces on the authority of M. Guettard, I shall 
only say, that I have observed the phenomenon of 
the stones which lie scattered on the shores of the 
‘Baltic, and that the description which I shall give 
of them in my travels will show the error of SUPpOS- _ 
ing them to have been transported thither by the im- 
pulsion of any such cause as he assigns. tut shall 
dwell more particularly on what he advances irom 


M. de 


S11 


M. de Saussure, of whose testimony he avails him 
self when it appears favourable to his own hypothe- 
sis, as in the present instance of the state of the 
plains watered by the Po, while he contradicts him — 
upon other facts, although unacquainted with that 
scene. ' If vallies have owed their formation to run- 
ning waters, -and if, as he supposes, their materials 
have already in part been conveyed: to the sea, ap- 
pearances must indeed be such as he states them, 
when he says that “‘ where the vallies among -primi- 
“* tive mountains open into large plains, the gravel 
“of those plains consists of stones, evidently de- 
* rived from the mountains.” But he has not here 
attended to M. de Saussure’s remark cited above, 
that, on the contrary, ‘‘ im plains, and at the -out- 
‘Jets of yallies opening into plains, we find rounded 
* stones, and fragments of rock, which seem to have 
* fallen from the sky, so widely different is their 
*‘ nature from all that we see in the environs.” ‘Can 
any thing be in more direct opposition to what Mr, 
Playfair asserts to have been generally observed? 
‘The fact, however, as stated by M. de Saussure, is 
well ascertained, and extremely common; and he 
brings several examples. of this phenomenon in his 
travels. 1 donot agree with him in opinion respect- 
jng some of the effects which he ascribes to the dé- 
bacle, such as the blocks of granite found on Jura, 
and on the hill of Supergue: but we shali presently 
see that he does not imagine the production of that 
hill itself to have been one of these effects, as Mr, 
Playfair asserts; and besides, this débacle, to which , 
several phenomena connected with the transportation 
of loose materials may doubtless be attributed, is 

aly 
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an event which unquestionably happened, and which 
Mr. Playfair, himseli must admit. For, as I have 
already observed, M. de Saussure understands only 
by that event the retreat of the sea from our conti- 
nents at the period of their birth; a retreat which 
must haye been sudden and violent, whether these 
coninents. were raised, as Mr, Playfair thinks, or 
other continents subsided, 


265. Mr. Playfair, then, has substituted what 
_gueht to be, coniormably to his hypothesis, for what 
really is, and has set aside such facts as demonstrate 
the actual. state oi things to be extremely different; 
and this with regard not only to those brought for- 
ward by M. de Saussure, whom he cites, but also: 
to those mentioned in my works, of which he never’ 
speaks. In my second Letter to Dr. Hutton, I gave 
a statement of facts, no less certain than they are 
general; they will not be effaced by the silence with 
which he passed them over, but will ultimately pre- 
vail over the mere suggestions of the imagination. 
Most of the materials, set at-any time in motion by 
running waters among mountains, still remain there, 
and no part of demi is conveyed by rivers beyond 
their boundaries, but through such spaces as possess 
a sufficient degree of deshivity; For, as soon as these 
“rivers reach the plains, their beds are found to con? 
tain no other gravel, than such as belonged to those 
plains at the period of the birth of our continents. 
This is evident; masmuch as the gravel changes in 
the beds of rivers, whenever any difference occurs 
in that of the soils through which those rivers run ; 
and this is the case with regard to the soil of the 


* 
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‘neighbouring ‘hills,»as well as to that of the «plain. 
Now Mr. Playfair ought to have noticed and an- 
swered this fact, before. he considered himself as_ 
authorised to say, that all the materials found on the 
plains were evidently derived from the mountains, 
It is not surprising that the Po, in its short passage 
from the mountains to the Adriatic, should have no 
stones on its bed different from those belonging to 
the mountains; for such was the soil found by that 
river, when first it began to flow there. The plain 
of Piedmont owes its origin to a very considerable 
subsidence of the surface; and its general aspect 
cannot be more accurately described than in M. de 
Saussure’s words, § 1305, inthe verychapter, whence ~ 
Mr. Playfair cites § 1304. Having taken his sta- 
tion upon the hill of Supergue, (to which we shall 
- presently come,) he says: ‘ Beneath our feet lies 
“the plain of Piedmont, and we see the Alpine 
“ridge terminating this plain, and towering above. 
“ it, as a lofty wall rises above a garden.....This 
plain, watered by the Po, and the two Dorias, 
‘‘ presents the finest and most luxuriant scenery..... 
‘The mountain, on the summit of which stands the 
*‘ church of Supergue, wears an aspect equally inte- 
“resting and diversified; it forms a part of an ex- 
“tensive range of small mountains, all connected 
_ with each other, which collectively bear the name 
Sof the Hills of Mont-Ferrat.....T he Hills of Aste- 
*¢ san compose anuther similar assemblage; they run 
‘at first in a direction nearly parallel with those of 
“ Mont-Ferrat, then uniting with them on the north 
‘“side, they thus inclose a fine plain m the form of ° 
a. Etianiershoe, open towards the south,” All these 
hills, 


JA 


hiils, ;composed of sand ‘and secondary strata,! are: 
the work of the sea, subsequently to the subsidence 
which left the future 4/ps so abrupt on one side; and: 
the Apennines on the other. I mean to:resume. the 
consideration of this interesting country, but-notun- 
til I shall have completed my remarks on the general 
object, since Mr. Playfair considers himself as hav- 
ing generalized all the phenomena which engageour 
present attention, | | 


iSGGoikevbadvsaidsinithe passage last cited, ‘ If 
“‘ we ascribe to the mountains a:magnitude and ele+ 
“vation vastly greater than that which they now 
“possess; if we regard the vallies between them as 
‘“ ent out by the rivers and torrents from an immensé — 
“ rampart of solid rock, neither materials sufficiently 
“great, nor agents sufficiently powerful, will appear 
‘to be wanting, for collecting bodies of gravel and 
“« other loose materials, equal to any that are found 
“ on the surface of the earth.” In this manner did 
he think it possible to account for the blocks of gra- 
nite found scattered on Jura, as well as for those 
disseminated ‘over the plains of Lombardy: We 
have seen in how many respects this explanation 13 
erroneous with regard to Jura; it would he found 
equally unsatisfactory in its application to Lombar- 
dy; since, after what we learn from M: de Saussure. 
of the Alps on that side, it is impossible to supposé 
that there can ever have been an uniform declivity, 
stretching from the central point as far as those 
plains. But iet us examine the object under a more. 
general point of view. 


267. If 
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267. lithe powerful agents supposed*by Mr. Play 
fair were real, they should furnish some satisfactory 
account of all the dlocks of granite dispersed over 
the surface of the earth; and he ought especially to’ - 
be authorised by facts in his assertion, that) ‘the 
“< nearer any spot is to the mountains, the danger 
“ are the gravel stones, and the less reunded is their 
“ fieure;”’ that, “as the distance increases, this gra- 
_ © vel.....is;covered with a thicker bed of earth or ve- 

“‘ getable,soil,” and that, ‘if this is not directly pre- 
“* poritonal,tothe distance which the stones have mi- 
“ grated from their native place, it may be said to 
“ be at,least proportional to a certain function’ of 
“‘ that distance.” Such is. the consequence of be- 
stowing no kind of attention on facts irreconcileable 
with preconceived notions. In my first geological 
work, already known to Mr. Playfair, and in alb my 
subsequent, writings, I have mentioned the blocks.of 
granite, and other primitive stones, which are dis- 
seminated over various tracts in Germany. Accord- 
ing to Mr. Playfair, therefore, we ought to be able 
to trace these back to the mountains, and perceive 
them increase in size, as we should draw nearer to 
the sources whence they were derived. But I will 
here state the character of that great phenomenon, 
as it will appear in my Travels. Blocks of granite, 
porphyry, and other stones of different kinds, are 
‘found accumulated in spots, where, according to M. 
de Saussure’s expression, they “ seem to have fallen 
‘« from the. sky; for they are surrounded by tracts 
in which few or none occur; and the district where 
I have observed the largest, of about twenty feet in 
diameter, ig that which is the most remote from 
| every 
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every granitic mountain;—I mean the country of 
Holstein. Can we expect the surface of the soil to 
discover to us any vestiges of the route pursued by 
these stones, when their heaps form as it were islands” 
in tracts of land where none appear? Had Mr. 

Playfair at all noticed the foregoing incontrovertible 

fact, he could not possibly have maintained his 

epinion; he would have been aware that the hypo- 

thesis of long continued action is a mere play of the 

imagination when no traces of such action are dis- 
cernible in. the phenomena to be explained: 


268. These striking and very general phenomena 
ought, I say, to-silence all fanciful conjectures’: I 
shall proceed, however, to mention two others, of. 
the kind called by Bacon instantia divortii, which’ 
‘directly tend to overthrow every erroneous: -hypothe- 
sis. The first of these again relates to’ blocks of 
granite. I observed it in a chain of mountains in 
Hesse, the highest part of which bears the name of 
-Mesner, ov Weisner. There a bed of fossile peat 
occurs of considerable thickness, containing a great 
number of trunks, branches, and roots of trees, in 
the same manner as recent peat, bet covered by a 
great depth of stony strata, of the basaltic kind, 
and resting on a bed of limestone. All these strata 
have been subjected to violent catastrophes, and have 
suffered disruptions and partial subsidences, in which 
the bed of peat has participated. Thus a large val- 
ley has been formed, in one of the sides of which 
the bed of peat discovers its section at a certain 
height, while the strata descend ‘on the side oppo- 
site. This is one of. the phenomena, which, like 

3 _ that 
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that of beds of coal, I have ascribed ‘to islands. 
formed in consequence of the catastrophes happening. 
at the bottom of the ancient sea; islands, which, 
after having been covered with peat, did themselves 
subside below the level of the waters, where fresh 
strata were deposited . on the peat, the greater part 
of which was mineralized into coal; after which new 
catastrophes fractured and asl otated all the strata. 
Peat beds of the above kind are worked in several 
places for the purpose of taking out the wood, the 
peat itself net being so good a fuel; and are entered 
upon where the section shows itself at the surface : 
but at Mount Mesner it has been found necessary 
to penetrate through the inclined limestone strata, 
in order to arrive more easily at the peat. When I 
had entered a considerable way into one of the gal- 
leries, several large blocks of granite were shown to 
_ me, which had been met with at the bottom of the 
peat, and left on the spot. Now can it be supposed 
that blocks, thus found under a covering of stony 
strata which had undergone the. same Cano phe 
as all the others had biteted, were ever detached 
from granite mountains, to travel over the surface 
of our continents ? 


269. The other phenomenon is: so much the niore 
remarkable, as fragments of granite are not its ob- 
ject. My late friend Baron nz Repen, Inspector 
general of the mines of Hartz, conducted me to the 


place which I am about to describe, in order that 5 ae 


might observe this phenomenon, well known to kim, 
as he had an estate in the same valley, belonging 
‘to the territory of Hildesheim. The mountains, 

which 
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which border this valley, consist’ of a calcareous 
stoné ; its strata are thin, and but slightly indurated, 
presenting their section towards the valley, the 
breadth of which is considerable. He showed me, 
on the declivity of one of the sides of the valley, a — 
range of large insulated rocks, rising above the 
woods, and we went to examine some of them more 
closely. These are also composed of limestone, but 
its strata are hardér, and of greater thickness ; they” 
contain marine bodies, but of a different kind from 
those in the strata of the mountain. These rocks. 
are used as quarries ; and some of them having been 
entirely worked away, these immense masses have 
been found to rest only upon the debris of the strata ’ 
of the mountain, without adhering to it. In fat, — 
throughout all the country no regular stratum of this 
stone has been found in its native place. Baron de 
Reden was acquainted with my theory relative’ to 
blocks of granite and other primordial stones, as 
published in my first geological work, and he had 
brought me to this valley for the express purpose of 
making me observe that the explanation which I 
had given was no less applicable to the secondary 
than to the primary strata; since it was evident that 
these enormous masses of calcareous stone could 
have proceeded only from below the surface, at the 
period of that catastrophe by which the valley was 
produced. We afterwards made an extensive cir- 
cuit in pursuit of blocks, in the course of which we 
had the opportunity of observing many interesting 
phenomena, which will be described in my travels. 


i 
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It was in’ this tour that. we visitéd together Mobs! 
Mesner*. 


9270. This class of phenomena has not as yet beet’ 
considered with sufficient attention, and for the rea- 
son already mentioned; namely, that’ in comparing 
the scattered blocks with the strata of mountains, 
the genera only, and not the species, have been no- 
ticed. The calcareous masses just described are’ 
as foreign’ from the nature of thé mountains on the 
declivity of which they occur, as are the fragments’ 
of granite on the declivity of Odon-Tchelonn from the 
steep rocks on its summit, and the masses of lapis’ . 
ollaris in the valley of Chamouni from the rocks 
above. When scattered masses shall be observed 


under this particular point of view, instances will 


multiply: of this circumstance in the general phe- 
nomenon, and the erroneous opinion w bith has pre- 
vailed concerning the origin of these massés will be | 
ultimately relinquished. I shall add but one more 
Samir similar to the last of these phenomena. 


271. One of my nephews, whom I have had ai- 
ready occasion to mention, has applied very much 
to geological inquiries; and as I had communi- 
eated to him an account of the circumstances ac- 
companying this valley in Hildesheim, he wrote to 
me from Jreland, in 1796, that he had observed in 
the oni of Dublin a phenomenon of the same 


* This journey is one of those which will be siabtiehiea only 


in the French edition. 


1 kind. 
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kind. “In constructing the aqueduct of Kildare, it’ 
had been found necessary, at the distance of eight ~ 
Trish miles. on the west of Dublin, to form a coms’ 
munication between, two hills, by an embankment 
about an hundred feet in height, the materials of 
which had been taken from one of those hills. These 
materials consist-only of debris, amoung which there 
are rounded masses, from two to six feet in dia- 
meter, of a calcareous stone very different from that 
of the strata of the hill, which are thin, and but 
slightly indurated. The stone of which the. blocks 
are composed, belongs to strata of greater thick- 
ness ; it is very hard, and of a bluish colour. ‘These 
blocks are broken for the purpose of making lime, ~ 
which is much better than that obtained from the 
strata of the hill. Some rocks of the same stone 
appear at the surface in different parts of that dis- 
trict. There are three on the east of Dublin; one 
near Rahenny, four miles from that city, another. 
two miles farther, and the third at the distance of | 
‘seven miles. ‘They are worked for the lime, and ~ 
the labourers told my nephew that there were no 
others in. the country; he saw one, however, . at 
Slane, 24 miles to the north of Dublin. The thin 
external strata which. prevail in those parts dip into 
the soil with an angle of from 30 to 40 degrees, 
being truncated at the surface in so strait a plane, 
as to excite my nephew's surprise: this appearance 
is observable on several hills, but generally with less 
regularity than in the present instance. Here then — 
are evident marks of the catastrophes, which brought 
up to the surface these ruinous masses of the lowest 
| | strata, 
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strata, the fragments of which were thus dispersed. 
Ireland furnishes another) phenomenon of the same 
class. In the northern part of the County of Clare, 
to the westward of the island, is a plain thickly in- 
terspersed with calcareous. blocks, some of which 
are of an immense size ; they contain marine bodies, 
principally madrepores.. This plain is terminated 
by a range of calcareous hills, deeply intersected, 
and presenting towards it their abrupt fronts di- 
vided into different platforms. Here then are evi- 
dent vestiges of a depression, during which frag- 
' ments of the subsiding. strata were thrown up- 
wards. | | 


272. Another consideration will bring us still 
nearer to’ the only possible cause of all these phe- 
nomena, a cause to which they are referable under 
all their various forms: 1 had already developed it, 
on account of its great importance to the history of. 
the earth, in my first geological work; but Mr. Play- 
fair has passed it unnoticed like the rest. It’appears 
that the catastrophes, which reduced our strata to 
heaps of ruins, must have acted for a longer space 
of time upon the Aid/s and plains, in proportion as 
they are more depressed than the mountainous tracts; 
since on those depressed parts were accumulated 
in the greatest number the secondary strata of 
various kinds, themselves broken and dislocated, 
and. covering the ruins of the primitive; and there 
did repetitions of catastrophes continue to take place, 
until the final retreat of the sea from our continents, 
involving in these convulsions those strata of sand, 
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which aré thus the most covered with blocks of dif 
ferent kinds of stone, and in which sea’ shells are- 
found in such a state of preservation, as positively 
forbids us to suppose many ages ‘to have elapsed, 
since they were abandoned by the waters’ of ithe 
ocean. Another passage of Mr. Playfair’s work 
will now lead us back to a tract of country already: 
mentioned, which is very remarkable in this respect, 
and which I have repeatedly visited; I mean Pied-’ 
mont and Lombardy: it consists, in great'measure, 
of sand-hills, the strata of which participated in the 
latest of the catastrophes undergone by the stony 
strata. In these sand-hills are found marine shells, 
so well preserved, that they seem to have been re- 
cently taken from the sea, having retained their 
sloss and natural colour, much better than those 
which we see upon the coasts. Among others, I 
met with a large oyster, the hinge of which became — 
soft when silinedroed in water ; and a large cama 
filled with sand, in which'were several small shells of 
- the same'kind, but containifig no sand, probably be- 
cause they had closed at the moment of this sudden 
catastrophe; and within these last I found the animal 
still ina soft state. In another sand hill, some of 
the beds of which we~2 hard and laminated, I found 
between the laminz leaves of different trees, such as 
oak, alder, and willow, which had contracted only 
a brown tint; and they were intermixed with sea- 
shells. In the same tract of country, fossil stags’ 
horns have been discovered. These cpeitauenek 
prove one of the islands of the ancient sea to have. 
existed there, which, after having been stocked with 
sie Q. d animals 
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animals and plants, subsided below the level of the 
water. To this interesting theatre of revolutions, 
which forms aa extensive tract between the Adps and 
the Apennines, consisting of hills and plains, and 
stretching as far as the Adriatic, we shall be brought 
back by the following passage of Mr. Playfair, 
§ 344. | 


—& The supply of gravel and cailloux roulés, for 


the plains extended at the feet of primitive moun- 
tains, is doubtless in many cases much increased 
by the pudding-stone, interposed between the se- 
condary and the primary strata. The beds of 
pudding-stone contain gravel already formed on 
the shores of continents, that ceased to exist be- 
fore the present were produced} and the cement 
of this gravel, yielding easily to the weather, 
allows the stones included in it to be washed 
down by the torrents, and scattered over the 
plains. I know not if the hill of Supergue, 
above mentioned, is not in reality a mass of the 
pudding-stone which forms the border of the Alps, 
and of which the materials have suffered no trans- 
portation since the time of their last consoli- 
dation. This at least is certain, that Saussure, 
notwithstanding his accuracy, has sometimes con- 
founded the loose gravel on the surface with that 
which is consolidated into rock; an imaccuracy 
which is to be charged, as I have elsewhere ob- 
served, rather against his system than himself.” 
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978. What! is here said of M. de Saussure is 
really more applicable to Mr. Playfair, whose own 
system has prevented him from reading the work of 
that able naturalist with sufficient attention. We 
have already seen M, de Saussure’s description of 
the hill of Supergue, which is separated from the 
Alps by a plain, and forms the first range of a vast 
assemblage of hills. Having measured its height 
with the, barometer at the most elevated peoint, 
where stands the church of Supergue, I found it to 
be 1232 feet above, the. city of Turin, which is 
situated.at its foot. -M. de Saussure informs. us, — 
§ 1304, that ‘ the declivity of the mountain, and 
*€ its top, are covered with gravel and other stones, 
and-even with blocks, of granite, porphyry, and — 
especially serpentine, the fragments of which last 
are found in greater abundance and variety than 

“‘ those of the others.” .These phenomena he at 

tributed to the débacle, or retreat of the sea from 

our continents; and they cannot. certainly by any 
means be referred to the agency of the causes sup- © 
posed by Mr. Playfair:. M. de Saussure had a much 
more powerful agent in his débacle, although the 
‘present case is not one to which it can be applied: 
he had not-had opportunities of seeing so many hills 
as I have visited, far remote from every mountain, 
sand covered with a:much greater quantity of blocks 
“of eee and porphyry; thas that, of PuRerEney 
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O74, Batithe description given Ay so accurate an 
observer as M. de iheieties of the interior parts of 
‘the hill} “should have removed all possibility of sup- 
“ata : : ins 
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posing it a mass of padding stone; and trom his ac- 
count Mr. Playfair annual have collected the 
nature of the revolutions under gone by that part of 
the bed of the ancient sea, subsequently: to the for- 
mation of the secondary on the ruins of the primi-— 
tive strata; the shattered and dislocated masses of 
- these latter, which then remained elevated above the | 
rest, now constituting the Alps and: Apennines. 
The following is M. de Saussure’s description of the 
bal of Supergue, § 1304 EE.) “ The body of the 
‘ mountain is composed of alternate strata of sand, 
clay, and argillaceous limestone. The strata of 
this stone are more solid towards the bottom than 
at the summit of the mountain. All these strata, 
* orat least the greater part of them, dip ta the 
north; their inclination varies; in several places 
they form'an angle of 45°; but frequently they 
_* are found less ‘nrelitvesdo} ‘These characters should 

have pointed out to Mr. Playtair the effects of a 
_ catastrophe, which had shaken the! whole mass of 
the strata from its lowest part. He has himself re- 
marked,’ in the passage which has been already 
cited in § 173, that’ strata much tmelined must 
“ terminate abruptly where they comeup to the sur- 
‘fafdees? sa circumstance, he says, denoting “ the 
violence with which they have been displaced,” 
and the “ angular movements” af the «separated 
masses. Now this is exaCly what has happened 
-here; the difference of those angular movements im 
the masses having occasioned: the different inclina- 
_ tions of the strata; and thus produced a succession 
gt eminences, and in many places of abrupt sides, 
ois discovering 
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discovering to us in their sections the various kinds, 
and several degrees of inclination, of strata which 
would have remained unknown, had. they not by 
such means been brought to the surface. In con- 
sequence also of the same catastrophes, fragments 
of the lowest strata have been thrown up. exter+ 
nally, as I shall presently explain. But let us first 
attend to the other characters of this. hill. 


#75. Describing the contents .of these strata, 
M. de Saussure says: ‘‘ The sand beds of the upper 
‘* part of tbe mountain contain a great quantity of 
“ rounded fragments, but the calcareous strata of 
*« the lower part contain none; at least I could not 
“‘ meet with any.......But I found the remains. of 
** marine shells, particularly of the bivalve kind.- 
‘‘ I likewise observed shells of the same class in 
** some strata of this mountain, consisting of a 
“« yellow agglutinated sand; and among others I 
* found part of an oyster, which had retained all 
*« the freshness and brilliancy of mother of pearl.” 
‘The particular tendency of this last remark will soon 
appear. With regard to the strata of this hill, M. 
de Saussure, not having visited it so frequently as 
my brother and myself, had not observed a stratum, 
which evidently proves that its gravel had already 
existed at the bottom of the sea. That stratum, 
which is much inclined, contains a great quantity of 
shells, univalves as well as bivalves, and consists. 
only of small gravel and detritus of the serpentine 
stone. Now we found in it an oyster, adhering to 
gne of the rounded pieces of that stone, in the same 

manner 
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manner a’ they adhere to other bodies; and two 
shells of the species named in French Fripiére, and i 
in Latin Trochus onustus, because they load them- 
selves with whatever small bodies they find in their 
way, generally with pieces of broken shells; but to 
those which we here met with were atthiehdd small 
rounded fr agments of serpentine. These animals 
must therefore have existed on a gravelly bottom, — 
which afterwards suffered the catastrophes so deeply 
impressed on the hill itself. In another hill, remote 
from this last, and containing gravel of different pri- 
‘mitive stones, I also found some breccias, in which, 
as well as in the sand that surrounded them, marine 
shells were imbedded. In one of these masses I 
found a volute, the lines and colours of which are 
extremely well preserved. 


» 276. These facts are-detailed much more at large 
in my first geological work, which is known to Mr. 
Playfair. How then can he suppose Piedmont and 
Lombardy, intersected as they are with hills composed 
of secondary strata, which have participated in the 
catastrophes common to all, to be covered with the 
debris of the Alps carried down by rivers and tor- 
rents, when they cut out the vallies in an original 
mass of greater extent and elevation than its re- 
mains, viz. our present Alps? The millions of years 
required for the production of such effects could not 
form in his mind any objection against that theory, in 
which ages are reckoned for nothing; but we have 
seen in these very countries direct proofs that many 
ar ann have elapsed since the sea retired from 
} them, 
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them, after having produced there secondary strata, 
which had themselves been subjected to great revo- 
lutions, previously to its retreat. Instead, therefore, 
of embracing the whole of M. de Saussure’s descrip-— 
tions, Mr. Playfair has dwelt only upon such of his 
remarks as he thinks favourable to his: own system. 
No man was more intimately acquainted with the 
Alps, and even with the Apennines, than M. de | 
Saussure; but his observations had not been carried 
sufficiently far in other countries, to enable him to 
correct:some peculiar notions which he had formed 
respecting the effects of the debacle, or the necessary 
retreat of the sea, and of the first currents produced 
by rains. ‘To these agents he ascribed the origin of 
the gravel and blocks that cover the low grounds be- 
tween those hills, through which run the Po, the 
Tanaro, the Sesia, and the Tesin, and on which he 
had observed the quantity of the loose soil to be 
greater in proportion to the distance from the Alps. 
Against my opinion on this subject he had made an 
objection, a part of which only has been considered, 
by Mr. Playfair. “ I donot think” (he had said) 
“ with Mr. De Luc, that the little depth of the. 
** vegetable mould can afford any proof of the small 
** antiquity of our globe.” (This objection is ground- 
ed on a mistake, which I shall presently point out; 
but Mr, Playfair has taken no notice of what imme- 
diately follows:) “ Not that I differ fram him in 
“* the main upon this great question; I have: fre- 
quently expressed myself to that effect; but I con- 
s* ceive that it must be decided by other argu- 
© ments.” It is with this view that he adverts, as 
I have 


329 


I have done with respect to other shells, to the 
oyster found in such’a high state of preservation in 
the mountain of Supergue, which Mr. Playfair was 
disposed to take for one of those masses of pudding= 
stone, formed on the shores of the sea antecedently 
to the birth of our continents, at the same time that 
he ascribes to the latter an antiquity without any 
assignable limit. 
977. With respect to M. de Saussure’s remark on 
the product of vegetation, it is evident that he con- 
founded the vegetable earth of which I spoke, with 
what I had alee the terreau, or that part of the 
loose soil to which cultivation is extended. In the 
plains of Lombardy, as well as in other lands, this 
loose soil has little depth above the masses of stone 
which had constituted their surface when they were 
first abandoned by the sea. In these plains the sur- 
face was levelled by the rivers, which, before they 
were embanked, and while their waters were wan- 
. dering over the whole of the low ground, deposited 
on it, as they retired into their bed, the small gravel | 
and powdered materials which they had brought 
down with them, and of which the quantity con- 
tinued to increase to the end of their course, where 
they discharged themselves into the Adriatic. And 
‘so far were the plains of Lombardy from having, 
been excavated by running waters, as, for instance, 
by the Po, that the sediments of this river have, in 
some places, where it has been embanked, raised its 
bed above the level of the adjacent lands. Of the 
soil thus formed in these plains, the surface, which’ 
, 18 
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is-cultivated, is what I have, called the Terreau > 
but.an original loose soil is also’ found on. the hills, 

of which sometimes it constitutes nearly the whole 
mass. Iwas not therefore speaking of the terreau; 
im the case considered by M. de Saussure, as I had 
fully explained, but of the vegetable earth, that black © 
mould produced by the decomposition of vegetables, 
on soils that have remained uncultivated ever since 
the birth of our continents, a stratum always very 
distinct from the basis on which it has been formed ; 

and its accumulation may therefore truly serve as @ 
chronometer. > 


278. I have dwelt at great length upon this phe-' 
nomenon of blocks and gravel found disseminated 
ever the surface of our continents; but, if I had 
emitted these details, no just idea could have been 
formed of its importance in the history of the Earth 
In order to remove long established prejudices, we> 
must collect, and exactly delineate, the features of 
the objects distorted through their medium. ©The 
first facts which I have adduced, viz. the accumu- 
Jations, of fragments of every kind, that are dis- 
persed in many parts of the earth, where no trace is 
found by which we can be directed towards any emi- 
nence, whence they may have proceeded, prove the 
absolute impossibility of their having travelled in 
any manner over the surface, whatever time be al+ 
lowed for such a migration. The last facts have 
served to establish the following important point :-—= 
that those parts of the primitive strata, which, during 
the great catastrophes, had sunk the lowest, ‘and on 

which 
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which the greatest number of secondary strata of 
different; kinds were: accumulated, were also the 
parts where the catastrophes were the most pro- 
longed ; and that the perfect preservation of the sea 
shells in the latest of these strata, which mostly con-’ 
sist of sand, is among the number of faéts of various 
kinds, which have convinced M. de Saussure, ‘as 
well, as myself, that the termination of these ca- 
tastrophes by the birth of our continents took place 
- ata period of time not extremely remote. This cir- 
cumstance, therefore, directly deprives the advocates 
for the migration of stones over the surface of the 
land of the resource of time for that operation, and’ 
necessarily leads us to conclude that they proceeded 
from the terior parts, during the course. of those 
catastrophes, of which the preceding details have 
ascertained the characters. 


279. Itthus appears, conformably to what I stated 
when entering upon this subject, that the phenome~ 
nomof the stony fragments scattered over our soils 
constitutes one of the principal geological monu- 
ments; and is indeed so forcibly characteristic of 
the causes which formerly acted upon our globe, 
that no theory, which does not,, by direct inference 
from some of its fundamental propositions, explain 
this phenomenon, can be entitled to any confidence. 
It will not then excite surprise, that these scattered 
fragments of the strata have formed a chief object 
of inquiry with me in all my travels: and may I not 
hope that the facts, which it has cost me so much 
time and acaeis to collect in various ‘countries, 

will 
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will be read, ifmot with the design of verifying thens 
on their-respective spots, at least with that attention © 
which the importance of the subject so justly claims? 
Indeed, from my earliest observation of this —phe- 
nomenon, | remained convinced of: its) connexion 
with ‘all those, which ascertain both the state of our 
continents at their birth, and. the causes »ofethat 
state. sn ; | 


al 7 9a. The first and most considerable trait of 
the original state of our continents, a trait: now de- | 
termined with great precision, is that their whale 
mass consists°only of the ruins° of strata, which, 
‘from evident characters, must have been formed in: 
a horizontal and continuous position at the bottom 
of the sea. This acknowledged fact: having: effee- 
tually excluded all those theories in which the birth 
of our continents had been ascribed ta the operation: 
of sow causes of different kinds, has led to inguiries _ 
respecting the true cause to which these ruins of 
marine strata owe their present elevation above the 
level of the sea. Now, on >this point, as it has: 
been shown, ‘two theories only ‘are admissible; for 
either the bed of the sea has been raised throughout 
the: whole extent occupied by our continents, or 
other continents have subsided so low, that the sea 
has overflowed them, abandoning its ancient bed, | 
» 280. And thus we have finally arrived at the most 
important question im geology, which we now pos- 
sess all necessary means of deciding. Lazzaro Moro, 
indeed, together with a few other naturalists, had, 
; some, 


333 

some time ago, adopted the hypothesis) of elevation; 
but geological knowledge had mot then, been, sufh- 
ciently advanced to bring the question, to an ult 
mate decision. Some, motive, not.openly avowed, 
which has induced many, to. reject the theory of the 
change of the bed of the sea,\as produced, by. the 
subsidence of other continents, has led te the revival 
of that of the elevation of our present continents. 
It has been revived in Germany, ,as- I have had oc= 
casion to. mention, by Dr. Schmieder; but although 
this geologist is acquainted with some particulars of 
the state of our mineral, strata, he is far from: having 
such a knowledge of the subject as was possessed by 
Dr. Hutton, whose theory, therefore, I have thought 
it necessary here,to. examine, having, already pub- 
lished an answer, to Dr. Schmieder in Germany, 
where his work appeared. 


281. Among other important facts acknowledged 
‘by Dr. Hutton and Mr. Playfair, by. which they 
have been led to greater circumspection in the for- 
mation of their theory, is the following: that the 
catastrophes which occasioned the present. well 
known state of our mineral strata were frequently 
repeated, and at such intervals of time, that new 
strata were formed on the ruins of: the preceding, 
and themselves afterwards suffered many catastro- 
phes, wherein the strata which they had covered 
participated. _ And although Dr. Hutton, not having 
extended his observations to a sufficient, number. of 
countries, had but an imperfect knowledge of this 
‘Jast circumstance; ; though he was unacquainted with ; 
‘the 
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tie variety of the phenomena which prove these ca- 
tastrophes to have been continued to a period of 
time not very distant from our own, yet anterior to 
the birth of our continents ;' he was still obliged, in 
érder to account for some ritieeteinleie of that kind, 
which ‘he had observed in Great Britain, to have re- 
course to the hypothesis of alternate saubsidences 
during the intervals of more considerable elevations. 
Now this shows with increasing evidence the i impos- 
sibility that a vaulted roof, butt as our continents 
must in this case form, should not, at the period of 
each of the fractures so frequently repeated, have 
opened a passage to the expansible fluids which had 
raised it, and thus have fallen down again under the 
waters of the sea. These obvious consequences were, 
without doubt, perceived by Dr. Hutton, though he 
passed them over in silence; and by them Kee was 
probably induced to cement with melted granite the 
inner part of this continental roof. But, besides that 
granite is evidently disposed in strata like other 
mineral substances, and that these strata’ have 
undergone the same catastrophes which have been 
suffered by the rest, this hypothesis precludes, as 
we have seen, the ascent of /gvas in the interior 
parts of the continents; an ascent which is, se 
ever, an undoubted fact. 


282. Lastly, the phenomenon of the stones scat- 
tered over the surface of our land furnishes us with 
@ new criterion, by which the two rival theories may 
be tgied. In that of elevation, it could not’be sup- 
‘posed that these fragments had been thrown up from 

within 
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within by the explosions of expansible fluids; for the 
liberation of these fluids formed the most direct ob- 
jection against this theory. After attempting therefore 
to obviate that objettion by the means of melted 
granite, it was necessary to assume, ‘as had been done 
in most of the preceding theories, that these frag~ 
sents had been propelled by rivers and torrents along 
the surface of the already existing continents. To 
this opinion I had in particular cppesed ‘the vallies 
and chains of mountains, intervening between many 
spots on which these dlocks are found, and every 
eminence of their particular class. ‘This has been 
one of the reasons for supposing the chains of moun- 
tains, and the vallies separating them, to have been 
so formed by the running of water since the birth of 
eur continents ; an ivi eHBuis, however, as contrary 
to the theory of elevation, as to that of subsidence ; 
since in both, the vallies are to be considered as 
resulting from the angular movements of the very 
masses which constitute our present chains of moun- 
tains. But when Dr. Hutton and Mr. Playfair had 
recourse to their hypothesis on the action of run- 
ning water, they thought only of the fragments of 
gramte mentioned hy M. de Saussure as lying 
scattered over Jura and the plains of Lombardy: 
now, from the details into which I have entered re- 
specting the grand phenomenon of scattered dlocks, 
I have shown, that, admitting that hypothesis to 
account for the particular instances in view, which; 
as has been seen, is far from being the case, it is 
still by no means applicable to the multitude of 
blocks of'a great variety of stones, found dispersed 
over 


over so many hills and plains at a:considerabls. dis-. 
tance from every mountain, without any trace: sine the 
track which they might have pursued, » 

5283. This phenomenon, naire forms, as I have 
said, anew criterion of the two theories which alone. 
remain for the explanation of the origin of our con- 
tinents; at the same time that the decision between 
these theories must determine what judgment we 
should form as to the nature of the operations which 
took place on the globe antecedently to that period.. 
In the theory of elevation, according to which the 
strata must have acquired their present. ruinous 
state during the very operation which produced the 
continents, (a circumstance alone sufficient to over= 
turn the system,) the dispersion of the blocks can- 
not be accounted for: this, I think, has been abun- 
dantly made to appear. In the theory of subsidence, 
on the contrary, according to which the disordered 
state of the mineral strata. was produced at the 
bottom of the sea, previously to its retreat, this 
event haying been occasioned by the subsidence of 
other continents, the great phenomenon here in view 
is easily explained im all its circumstances; as I | 
shall now proceed to show. — 


984. The caverns, from the formation of which 
have arisen all the catastrophes suffered by our mi- 
nefal strata, must necessarily have been filled with 
expansible fluids, -were it only with common atmos~ 
pheric air. Let us consider the enormous pressure 


exercised upon these fluids. by the subsidence of 


masses 
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masses of sueli magnitude, that those remaining at: 
‘the highest level have produced mountains by hobs 
angular movements, down to their lowest strata. 
Now as it was only through the intervals of these 
disunited masses that the compressed fluids could 
escape, they must have-rushed out with an unparal- 
leled impetuosity, Here then is a “ force,” of which 
we may form a sufiicient idea without comparing it 
“with that which projected the planets in their or- 
“its.” It is the same in its nature, though far su- 
perior in degree, with the force which raises lavas to 
the summits of the volcanos. of the Andes, and by 
which Dr. Hutton himself remarks that’ “ rocks of 
an enormous size are. projected.....some miles into 
“ the air ;” an effect which was observed during the 
palace of Monte Nuoco near Naples. Nor is 
heat requisite for the production of this effect; for 
with respect to these phenomena, its agency is con- 
fined to the production of the expansible fluids, 
which become dense, only in proportion to the re- 
sistance of the columns of melted matters, which 
they force up, and through which they sometimes 
find their way. Heat, therefore, must be a very in- 
considerable cause of density in the fluids, and of 
consequent violence in their escape, in comparison 
with the pressure of those enormous masses, which, 
could not reach the bottom of the caverns, without 
driving out these fluids through the intervals which 
separated them; and the increased resistance, which 
the fluids encountered from the sides of such masses 
as afforded the narrowest spaces for their escape, 
contributed to the angular movements of those mas- 
ie my Palette: 
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ses, durmeg the subsidence of others that were 2 inter 
mediate, to a greater depth. By this force, there- 
fore, which nothing that was detached and: loose 
could possibly resist, the fragments, broken off ‘by 
the collision of the lower parts of the strata, were 
thrown up to the surface, m the manner of bombs, 
notwithstanding the resistance of the water, under 
which these explosions took place. I havementioned 
the collision of the masses as chiefly produced in the 


si ay strata; and this will lead to an important re- 
mark. | 


285. Itis long since mineralogists, observing the 
relation which granite bears to other strata in their 
respective associations, have' judged that it must 
have originally extended under all those strata, to- 
cether with the mineral substances considered as 

contemporary with it, viz. porphyry, pure quartz, 
- and gneiss, which, when associated with schistus, 
are found beneath it; and hence, undoubtedly, was 
~ Dr. Hutton induced to employ granite in a melted 
state, as a cement for the vaulted roof of ‘his conti- 
nents. This circumstance will explain to us why 
most of the blocks dispersed over the surface, are 
ofi granite and other substances of the same class; 
for; as I have remarked, the collision of the masses 
during their angular movements must principally 
have affected the inferior strata. Now here we meet 
with one of those unexpected verifications, which 
characterise a true theory. Thé heaps of blocks 
found in the same places are composed of very dif- 


ferent kinds of call because similar differences. 
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occur with feave to the strata of granite which ‘lie 
incumbent on P eels other. ‘This we may obséfve ‘in 
gr anitic mountains, either in vertical sections, where 
the strata have nearly preserved their horizontal pot 
sition ; or in a horizontal succession, where they are 
adem vertical or highly inclined. M. de Saussure, 
when developing his great proof of the stratification 
of granite, has remarked this circumstance in’ the 
Aiguille du Midi, the vertical strata of which exhi- 
bit granite, granitelle, veined granite, and other 
stones of the same class; an expression which ims 
plies genera, comprehending different species. The 
collection of facts of this kind will increase, in pro- 
portion to the attention which shall be given to 
mountains. ‘Thus, M. Prarr, Professor of Philo- 
sophy at Kiel, who, being a native of Wirtembere, 
is thoroughly acquainted with the mountains of the 
Black Forest, the ruinous state of which I have my- 
self observed, informed me, some time ago, that, 


-. In passing over an horizontal tract of that country, 


a league or two in extent, where the strata were 
nearly vertical, he had observed as ‘great a variety 
in the species of granite as occurs among the blocks 
disseminated over the hills of Holstein, and the . 
neighbouring borders of the Baltic; countries, how- 
‘ever, which are situated at a considerable distance 
from every granitic mountain, and of which T shall 
te a description in my Travels. 
286. Such then'being the nature of granite, which, 
i many places, is found associated with porphyry, 
gneiss, and pore. quartz, OY alternating with them 
z 2 through 
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‘through mountainous tracts of great extent, we can 
no longer be surprised at the variety of the genera 
and species of the fragments, which, during the sub- 
--sidence of the large masses of strata, were thrown 
up to the surface by the expansib!o fluids, in spots 
where no strata similar to them are observed, because 
those from which they were detached are covered by 
others to a considerable depth. Now I have already 
remarked that this phenomenon is not confined to 
granite and porphyry, but that ddocks are met with 
of a great variety of other strata, and even of grit 
and sandstone ; and when naturalists, relinquishing 
the inadmissible idea of a transportation of .materi- 
‘als. by running waters, shall form lecal lithologies, 
as M. de Saussure has done in many places, the 
surface of the soil will. become much more interest- 
ing; since it will serve, in a great measure, to dis- 
close to us the internal parts of our continents. ‘Thus 
is opened a new field of observation, of which I 
have been able to trace the outline only; but enough 
has been said to show that a considerable knowledge 


of the mineral strata may be obtained, by ascertain- | 


ing, from external characters, what lies at a great 
depth below the surface. pit 


287. Lastly, we are to consider the effeets pro- 
duced:by water itself in the course of the revolutions 
which took place at the bottom of the sea. At the 
time that the expansible fluids were driven outwards 


f 


with violence, the water was inipelled by its own. 


weight to pass inwards through the same openings. 
We may therefore readily conceive the tremendous 
; conflict 
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conflict which ensied between these two forces, ra 
how the fragments of rock, which they both encoun- 
tered in their passage, must, by their opposite ac- 
tion, have been. fractured and ground against each 
other, during that violent agitation. Meanwhile, 
- during the slow descent of the great masses, a large 
quantity of water made its way through their inter- 
vals; but, when they reached the bottom of the ca- 
verns, they, of necessity, drove out thence a con- 
siderable part of that water, which must have burst 
forth in torrents at the bottom of the sea. If then 
we represent to ourselves. the combined effects of 
these successive absorptions and disgorgements of 
the liquid, and of the trituration of the fragments, 
first during that conflict, and then in consequence of 
the excessive agitation of the water which resulted 
from it at the bottom of the sea, we shall not be at 
any loss for a cause adequate to the dispersion of 
gravel or rounded stones over the surface of our pre- 
sent land; a cause of which neither the operations 
of running ‘waters upon our continents, nor the ac- 
tion of waves upon their shores, can have ever sug- 
gested the least idea to those who have observed this 
phenomenon with due attention. 


_ 288. I have thus taken a general survey of the 
most important. geological monuments; and it is 
evident that, unless we view them in all their ‘cone 
nexions, nothing but vain conjectures can be formed 
respecting the istry of the earth. I hope that I 

have 
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have made them intelligible, whether considered in 
themselves, or in reference to that history, even to 
those who have not as yet applied themselves to the 
study of geology. When, however, a general idea 
of the subject shall have been formed from a first 
perusal of this Treatise, it will be necessary fre- 
quently to return to so spacious a field of investiga= 
tion, and attentively to consider every part. But; 
above all, those who devote themselves to the pur- 
suit of the physical sciences must learn to seek after 
and abide by facts alone, rejecting that imperfect. 
and superficial knowledge, which gives rise to end- 
less hypotheses, and which has been productive‘of so 
much error on a subject equally important to all 
men. | . 


289. I could not have determined these pheno- 
mena with the same evidence, nor so clearly have, 
pointed out their connexion with the history of our 
globe, had I not given an exposition of ‘the several. 
opinions entertamed by geologists concerning them. 
Instead of dwelling on systems formerly celebrated; 
but now nearly abandoned in consequence of the 
errors acknowledged to be contained in them, I have 
fixed on that theory, in which a greater number of 
ancient errors have been avoided than in any other, 
which contains important truths, and has been 
formed and illustrated by two men of genius and 
much information, with considerable detail, and a 
great display of methodical inquiry. Having thus ° 
set the example of sincerely courting discussion upon 
essential points, I entertain a hope that those, who 

may 
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may think my opinions erroneous, and_ particularly: — 
Mr. Playfair, will no longer avoid such discussion ; 
since it is only by fully entering upon it, that the 
road which leads to real science can be shortened. 


290, If the course of the preceding investigations 
has been attentively followed, it will have been found 
that they contain nothing foreign from the subjects 
announced in the title of this Dissertation; namely, 
the state of our continents at their birth, and the 
time which has elapsed since that period. To these . 
two points must every geological monument be rey. 
ferred; for it is only a knowledge of the original 
state of our continents, together with the study of 
general physical causes, that can afford the means of 
ascertaining the cause to which they owed their birth; 
and an acquaintance with this state, and with the 
causes, which are now operating, and must have 
operated, on our continents, since they have beeun 
to exist, leads to the determination of their age ; 
while all these collectively open the only road to the 
knowledge of the physical events which succeeded 
each other upon the globe before the great epoch 
whence the present abode of mankind derives its 
date. Such is the extensive field over which I have 
- passed; and I shall now proceed to collect, under 
one view, the several points which I have, as I think, 
established on a permanent foundation; as, notwith- 
standing the length of time and the attention that I 
have bestowed upon the subject, I have found no- 
thiny, either in nature, or in the works of natural- 
ists, ° 
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ists, which does not tend to strengthen weg confirm 
them, | 


I. Our continents, at their birth, that. is, when 
they were abandoned by the sea, consisted of the 
ruins of those mineral strata, which, as far as we 
have been able to penetrate under the surface, com- 
pose their whole mass. ‘ | 

II. This change of relative level between the 
continents and the sea, was not produced. by their 
elevation, but by the subsidence of pre-existing: con- 
tinents, over which the sea immediately flowed. 

‘ Wy ts 

III. The ruinous state of the strata composing 
our continents was not, therefore, an effect of the 
revolution which gave dirth to the latter, as is sup- 
posed in the theory of elevation; it resulted from 
successive catastrophes undergone by the strata dur- 
ing the very period of their formation, by chemical 
precipitations, at the bottom of the sea; and these 
catastrophes were occasioned by the caverns formed. 
beneath them. 


IV. The cavities of lakes, the vallies among 
mountains and hills, the abrupt and shattered faces 
which those eminences present to the plains, existed 
on our continents at the period of their birth; having 
been immediate effects of those catastrophes, which 
had reduced to heaps of ruins the mass of strata 
that afterwards became our continents. A succes- 
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sion of such catastrophes was continued, till those 
continents were abandoned by the sea; and since 
that epoch, all the operations produced on them by 
the combined action of atmospherical causes, gravi- 
ty, and running waters, have tended only to oblite- 
rate those original characters, by reducing the abrupt 
faces into gradual slopes, by softening do wih the as- 
perities of the hills, by raising, nese of excavat- 
ing, the beds of vallies, and by filling up the cavi- 
ties of lakes. ‘The present race of men, however, 
may still, for the use of future generations, define 
these original characters, from what remains of them 
in every kind, and. may-point out the process by 
which their gradual obliteration is yet carrying on. 


. V. The gravels and blocks of stone found scattered 
in such large quantities on the surface of our conti- 
nents, nay, even those observed in the beds of rivers 
flowing in plains, were not deposited there by the 
operations of running waters, these blocks and gra- 
vels being also among the original characters of our 
continents. ‘The gravel composed of flints is de- 
rived from the decomposition of great masses of 
chalk strata, at some period considerably subsequent 
-to their formation, yet while they were still covered 
by the’sea; the flints only remaining as we now find 
them. ‘The gravels formed by the attrition of frag- 
ments of the strata, as well as the blocks of the same 
stones, were projected from the interior of the globe 
by the expansible fluids, during the subsidence of 
the strata, and disseminated. over the bottom of the 

_ sea by the agitation of the water. 
| VI. The 
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VI. The naked and precipitous cliffs whicly bor- 
der some of the coasts are not to be ascribed to the 
action of the sea. No such action could have pro- 
duced abrupt sections on the coasts, where none had 
at first existed. They are original characters of 
our continents, resulting from disruptions of the 
strata, at the period of the vast subsidence which 
produced the new basin of the sea; the action of 
which directly tends, on the contrary, to obliterate 
those characters, by forming strands at the feet of 


the cliffs; which strands, when sufficiently raised and | 


extended, permit the steep faces to be reduced - 
er adation into slopes. 


VII. Neither the materials conveyed by rivers to 
the sea, nor those detached from the steep coasts by 
waves, are transported to any distarice “ along the 
“* shelving bottom” of the ocean; the waves and the 
tides throw them*back upon the coasts, and even 
bring up the sand from the bottom, wherever they 
can feneh it; so that they deepen this bottom, and 
propel both sand and gr avel towards the beach, un- 
til the latter has acquired that degree of declivity, 
which enables the waters, in retreating, to carry back 
with them the new materials which they have brought 
up in rolling toward the shore. In this manner is 
formed one of those kinds of low lands which are 
found wong the coasts. 


VIII. The sediments of rivers, both at’ their 
mouths and along their course, were at first consi- 
_derable in their quantity, and were mixed with large 


fragments ; 


> ~ 
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fragments; as well on account of the ruimous state 
of the surface, which placed an abundance of mate-' 
rials in the way of the’ running waters, as in conse- 
quence of the operations carried on by their streams - 
in excavating and straitening their channels in loose 
soils. But these transportations of large materials 
were gradually diminished, proportionally to the 
progress of vegetation on the surface when its aspe- 
rities were softened, and to the restriction of rivers 
within fixed beds; so that what their waters now 
deposite, either along their course, or at their mouths, 
amounts to little else than mire. Our alluvial lands 
are formed by these sediments of rivers along their 
course; those which reach the sea contributing to 
the fon atid of the new lands, by wonn" our con- 
tinents are extended. 


IX. Since the ital of our continents, the level 
_of the sea has not changed, either absolutely, or in 
relation to the land; for all new lands, which every- 
where may be easily distinguished from the original 
coast, are perfectly horizontal, excepting where they 
have suffered partial depressions behind dikes ; and 
their level has been determined by the largest’ waves 
at the highest tides. This is an evident proof that 
the birth of our continents was the effect of a single 
revolution, the continuance of which was so, short, 
_that it left no traces of gradual progress, at those 
points where the new land comes into contatt with 
the original soil. 
, X. Lastly, 


 Wsies 3 : 
X. Lastly, all the operations, which have had a 
tendency to alter the original form of our continents, 
must have commenced at the epoch of their birth. 
The several causes of these operations are known to 
us, for we still behold them at work; and by study- 
ing them with sufficient care we may easily ascertain 
all that has been effected by them in every spot. In 
many places we may even trace what each cause has 
operated within certain known periods of time; a 
circumstance which supplies us with chronometers of 
different kinds, all independent of one another; and 
all these chronometers agree in attesting that the age 
of our continents cannot exceed 4000 years. This 
fact at once overturns all the fabulous chronologies 
of several of the pagan nations; and thus are also 
subverted all the geological systems by which at- 
tempts have been made to support these fables. “ It 
“ has been deemed an act of courage, and a laudable — 
‘ proof of freedom from prejudice,” observed M. de 
Dolomieu, who. was himself insome degree under the 
influence of prejudice, ‘‘ te go beyond others in mul- 
‘« tinlying the number of the ages which have elapsed 
“ since our continents have been yielded to the in- 
“dustry ofman. Fearless of ridicule, and not dread- 
‘ing the kind of disgrace incurred by those who do 
“not subscribe to such fanciful and exaggerated 
-“ opinions, I may hereafter publish a work, in which 
 T shall combine historical monuments with geologi- 
“cal observations, for the purpose of proving, that, 
“if we allow 10,000 years to have passed away since 
‘‘ the time when our continents became or were again | 
“rendered habitable, we may even then perhaps go ; 
* beyond | 


| | 
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beyond the truth.” (Journ. de Phys. Janvier, 
1792.) It was to the same purpose that M. de 
Dolomieu expressed himself likewise in his AZémoire 
sur-les pierres composées et sur les roches, already 
quoted on this subject, $90. But he was himself se- 
duced by that very opinion, which, as he said, had led 
so many naturalists to vie with each other ‘ dn mui- 
“ tiplying the number of the ages which have elapsed” 
since the globe has attained its present state: this 
appeared both when he allowed 10,000 years for 
that period, though conscious that such an assump- 
tion might exceed. the truth; and when, instead of 
comparing with the theory of subsidence the disorder 
which he observed to prevail throughout the mineral 
strata, he had recourse to some evrternal shock to 
account for their fracture and dislocation, and to 
some planetary influence for the purpose of raising 
tides to the height of 800 toises. (Journal de Phys. 
Noy. 1791.) At the time when I first became ac- 
quainted with him at Paris, in 1782, I had not ar- 
rived at that degree of information which I have since 
acquired; but if circumstances had again brought 
us together, as we mutually wished, after we had 
“respectively added to the stock of our observations 
and experiments, of various kinds, I entertain little 
‘doubt that he would have acquiesced in all the con- 
clusions of. which I have here given a summary. 


291. These conclusions, deduced from the objects 
which have been treated of in this Dissertation, con- 
tain also, as I remarked when stating its general 
subject, the. only true data respecting the events _ 
, which 
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which succeeded each other on our globe, previously 
to the birth of our continents. 1 call them - data, 
inasmuch as they result from the direct consequences 

of what has been proved respecting the preceding 
points; and I shall here subjoin them. 


J. All our mineral strata were successively pro- 
duced by chemical bho from a Pereyra 
| , | 


II. From the first precipitations, which constitute 
the most ancient monument of physical operations, 
and beyond which our observations do not carry us, 
proceeded the strata “n granite and ape kindred 
substances. 


III. During the long continued precipitations of 
different genera and species, the strata thus pro- 
duced underwent a series of catastrophes, originat- 
ing in the successive formation of cavities beneath 
their mass, in consequence of the infiltration of the 
Liquid into the interior parts of the globe; hence also 
resulted a cause of successive ehetries in niwe nature 
of the precipitations. | 


IV. While many of these operations were going 
on at the bottom of the sea, and subsequently to the 
formation of granite and other primordiary strata, 
there existed other continents stocked with animals 
and wegetables. -For, although our contments, 
through their whole extent, must evidently have been 
occupied by the sea until the epoch of its retreat, 

| 1 we 
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we find, both in their mland. parts, and on their bor- 
ders, the remains of terrestrial animals and vegeta- 
wise, in strata: pigeovay to the 5 aie og 


v. Those vegetables and animals, of Sahib we 
find the remains imbedded in these: marine: strata, 
had therefore originally existed in islands surrounded 
by the sea, and formed by the’ disruption of long 
peninsulas, the-result of prior revolutions; during 
which, a portion of the liquid being ‘absorbed into 
the interior parts of the globe, had left uncovered 
‘those eminences which had been produced at its 
bottom. Several of these eminences, already stocked 
with plants and animals, but separated from each 
other by preceding catastrophes, underwent new ca- 
. tastrophes by simple’subsidence, which reduced them 
. below the level of the sea; where the debris of the 
organised bodies remaining on them were covered by 
marine strata, some of which were consolidated, 
and others remained soft. Lastly; in consequence 
of fresh convulsions, ‘which stiil continued to affect 
the whole mass from its base, these new strata suf- 
fered depressions, fractures, and angular movements, 
like all the former; a circumstance which sine tinted 
ises the theatre of these scenes. 


VI. The retreat of the sea from these parts of the 
globe was produced by the subsidence of those conti- 
nents whence the vegetables and animals of the 
islands had proceeded; and some of the islands, 
which still existed in different parts of the ancient 
sea, having become the summits of the mountains 
of 
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of the new continents, were the principal source in 
their vegetables and animals... 


299. In et the several shiscs of this Dis- 
sertation, I have not enlarged on these last points, 
as Ihave had no view but to show in what manner 
they are deducible from those which I have. fully’ 
established; neither have I considered the physical 
causes connected with them, otherwise than in a ge- 
neral light; because the whole of my geological. 
system is contained in the work which has ‘been al- 
ready mentioned, viz. my Lettres sur U Histoire 
Physique de la Terre, addressed to Professor Blu- 
menbach, Paris edit. 1798. This is a system of 
which the object is so comprehensive, and the parts, 
though reciprocally connected, require such a diver- 
sity of proofs, that, if I had entered into particu- 
lars respecting all the proofs of every proposition, .. 
the reader, might easily have lost sight of those points: 
which had been successively established, as well as 
of the mutual relations subsisting between them. ~ 


293.. Ihave therefore preferred stating the whole ° 
system at present in the manner which I have here 
adopted; a plan which I had been already obliged 
to follow in my Letters to Professor Blumenbach ; 
because the proofs of the several propositions are of | 


different natures. With respect to the operations — . 


which took place on the globe, previously to the birth 
of our continents, necessarily connected with the 
monuments remaining of the causes which acted du- 
ring that period, the inquiry depended in great part 
_ on 
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on experimental philosophy, and especially on.che-. 
mistry.. But certam fundamental. and necessary. 
points in these sciences,, furnished by. the advances, 
made in,some of their principal, branches, could not 
be treated with advantage but. by entering into-tu- 
merous. details. I therefore introduced them only 
under the form of propositions, the proofs. of which 
I engaged to give in a future work ;. and this engage- 
_ ment I Stee ds Sulliliond (atu works s published. at 
Paris; one in 1803, under the title of Iniroduction 
@ la Physique terrestre. par les vi ades. expansibles, 
the other in 1804, under that of. Tr qité saat ie 
sur le fide Electi ‘ongalvanique. a 


904, Another part of the a st consisted i in ‘as- 
certaining what those monuments were, the causes of 
which were to be assigned; and this depended on an 
exact determination of two connected points; first, 
the present state of our continents, and. next, the 
real actions of physical causes on them ;. in order to 
fix with certainty what was the state of these. eonti- 
nents at their dirth; which state must necessarily 

dave resulted from, ie action of antecedent causes. 


“995. These are the objects which i have at pre- 
sent resumed; but, on account of their extent, I have 
been obliged to divide. this subject, also into two 
parts ; the first, which has been treated j An, this work, 
has consisted in bringing forward all the great geo- 
logical questions in a form that submits them to the 
decision of determined facts, here pointed out in ge- 
neral terms: and if these are true generalizations 

ig? es of — 
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of the phenomena of nature, they must be decisive of 
the above'quéstions. The proofs, therefore, of these 
getieralizations. are all that: is remaining for me to 
produce’ and they will be found in the account of 
8 Travéls, which will thus iia my plan. 
996. Pat order to establish this general theory, it 
Was. sufficient to refer to such sett phenomena of 
our continents, as clearly manifest the effects of past 
caiiges; anid the highest mountains} particularly the 
Alps 8; “have “chiefly supplied me with those phenome- 
na; where they have more simple characters, and 


are less remote from their origin. There we first . 


observe the schisti, as having iiteceded to the gra- 
jite ‘and’ other contemporary strata, but evidently 


after catastrophes, which, im various places, have _ 


Separated’ those two classes, by the interposition of 
breccias containing fragments of the earliest class. 
To the Schisti succeed the most ancient of the calca- 
Feous strata, iticlosing the remains of marine animals; 
but these ‘also’ were produced after catastrophes, im. 
Bonsequetce of which the primordial strata having 


their surface strewed with their fragments, breccias’ 


were again formed of them, by which, in several 
places, those ‘strata are’separated from the first of 
ne calcareous kinds) “To these last succeed other 
‘calearedus ‘strata of’ different species, followed: by 
iis ge of ‘sUnddiones ‘still However with intermediate 
“breccias, each involving fragments of the anterior 
‘strata, “a inditating eatdetin pies’ previous to every 
‘change: in the precipitations. All these alternations 


are” ‘observable in the Alps, and in ‘the adjacent 
"- tracts, 
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tracts, and have: been described with great accuracy: 
by M. de Saussure : they likewise occur, ‘with some 
differences; in other chains of mountains. These 
pheriomena were sufficient to lead toa general theory 
respecting the events of this long period, as well 
as to point out the suécessive causes of these events > 
and this was the principal who oe I had in 
view. | 
297: But when we pursue. our abtieroetious oft 
_ extensive tracts of country, and on different conti+ 
nents, great varieties occur in the successions: of the 
strata. This we might naturally expect to be the 
casé in those wile tracts of hills\and plains; where 
the catastrophes continued: during a longer period of 
time, and’ the primordial strata’ are: known to exist; 
only from the blocks and» gravels of their severak 
species which were thrown outward during: the ca» 
tastrophes, and’ disseminated over the surface; -by 
the action of the sea ;/ atid where) ¢onsequently} 
among the great variety of strata protluced by the 
changes inthe precipitations ‘after eacli catastrophe, 
although in’ various countries’ certain isuecessions| of 
the strata are found to be repeated, 'yet,vin generaly 
great differences must tiecessarily oceur2''Butiindeed 
considerable differences of this king existed from the 
beginuing of those operations! M: de Saussure; 
for instatice, has shown, ‘with muck detail), that, in 
setting out from the central chain of the Alps towards 
the opposite’ sides of those mountains, the strata aré_ 
found not to correspond; and that, on the side to- 
wards ‘Jtaly, they descend» much more abruptly, 
thanon’ that towards Switzerland and Savoy, ‘There 
| Aa is. 
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is likewise much difference in the successidns of the 
strata in various high chains of mountains, and 
in the lewest. In many places we meet. with 
gneiss, porphyry, or the syentte of Werner, instead 

of granite; this last, in other spots, appears with- 
out the schisti; these again are found uhaccom- 
panied by the more ancient calcareous strata ob- 
served in the Alps; and the more recent calcareous 
strata are often without a covering of saudstone. | 
These circumstances indicate that, from the com- ~ 
mencement of the operations which we are enabled 
to trace back by means of geological phenomena, 
the chemical precipitations from the diguid originally 
encompassing the earth varied in. different places, 
on account either of local differences in, its. compo- 
‘sition, before it was agitated by the tides, or of a 
difference in those parts of the globe itself over which. 
it spread, after the elements which produced. it had: 
been appearetes and liquefied by fire. 


Ys. Oi this subject, the progress of observation 
will undoubtedly throw considerable lights’ For this 
purpose it will be necessary to ascertain; in’ several 
couiitries, the succession; -or the different successions, 
of strata, of various: genera and species, which are 
externally Siecdveredst «their srespective disruptions 
and’ inclinations, and’ the different . fragments of 
stones, whether’ in- gravel..or in blocks, which, are 
found disseminated over-the surface, and clearly in- 
dicate inferior strata. In a word, observations and. 
descriptions, as exact as those which M. de Saussure 
| has. given us With: respect. fo the chain, of the Alps, 
must 
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must be extended to other portions of the globe; 
and a similar study must be inade of the less elevated 
mountains, of plains and hills, of the beds of rivers, 
of lakes, and of the sea shores, under all the. dif 
ferent points of view which will be presented in my 
Travels. Many interesting circuinstances respecting 
these various objects of investigation are . already 
collected in several valuable works ; as, for instance, 
in the descriptions of the northern part of Asia by 
Messrs. PaLLAs and Patrin; and we may likewise 
expect some very important information, in regard 
to South America, from so zealous and enlightened a 
naturalist as M, Humpoipt, 


» 299. I have no doubt, that, in proportion as these 
observations shall be extended, it will be the more 
: clearly understood, that our knowledge of the mineral 
strata is derived entirely from the catastrophes which 
I have described ; as by them. have been brought 
out on the surface, in so’many. parts of our conti- 
nents, immense masses of strata, of different genera 
and species, which, without, those revolutions, would 
for eyer haye remained concealed from us;_ being 
covered by other strata, which we should have had 
no motive of sufficient interest to dig through, to 
any considerable depth. To those “catastrophes, | 
therefore, we are indebted for geology; the study 
of their nature and effects has. afforded us the first 
rudiments of this science; by them we have been 
enabled to ascertain the orzginal state of the con- 
tinents now inhabited by, man, together with the 
fume which has elapsed since they tirst Came into : 

existence; ; 
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existence ; by them we perceive that the whole ab: 
servable mass of these continents must have been 
produced under the waters of the sea, and that, 
during a particular period of its production, other 
continents existed, which have since disappeared. 
from the surface of the globe; lastly, by them and 
by observation of the monuments. of past effects, 
which they have thus brought into our view, we have 
been stimulated to deep researches in terrestrial phy 
sics, and more especially in mineralogical. chemistry, — 
whence the general causes of these effects have been 
disclosed. Mh | 

300. Thus a grand and diversified field of obser: 
yation and reflection is opened to the activity of the 
human mind. And I trust that the remarks, ta 
which I have been led in the course of this discussion, 
may have made it appear that this subject, is not ta 
be treated with levity, being one which is now be- 
come of such deep importance to all mankind. I 
have shown this great truth more explicitly in my 
Letters to Professor Blumenbach, than in the pre- 
sent work, particularly dedicated ta the Science oe | 
Gorey s considered j in itself. 


301. Before I close this volume, there are 2 two 
objects which claim my attention, as connected with 
its general subject ; these are some experiments made 
by Sir James. Hauz, considered both by, himself 
and by other philosophers as: eer Dr. Hutton’s 

| hypothesis 


i i, 2 
hypathesis respecting the consolidation.of the-minerai 
strata by the heat of fusion; and Mr. Karwan’s 
work, entitled Geological Essays. dibiiek: Sareea 


oR ae 


Remarks on some Experiments of Sir Jamts HAtt. 

302. It is well known that the most direct: argus 

ment against that part of Dr. Hutton’s theory, which 
Supposes an excessive heat in the interior of :the 
elobe, is derived from the calcareous strata; which, 
if they had been subjected to’ a degree of :heat.ca- 
pable of calcining them, would have lost ‘their fired 
air, which, however, they retain. This objection 
Dr. Hutton attempted to remove, by»means of an- 
other hypothesis; namely, that the pressure of the 
superincumbent ocean had) prevented the fixed. air 
from escaping. Sir James Hall has thought to 
strengthen and confirm this hypothesis by a series of 
experiments, which are now sufliciently known to 
allow -me to confine myself to a short-account of the 
experiments themselves, and of their general res 


‘sults. 


* 303. The chief of these experiments were made 
in un barrels, in the breech of which was introduced 
a stall china tube, half filled with calcareous pow- 
dér, well rammed in: the other halfof the tube was 
‘filled with pounded silex, in order to prevent the 
calcareous substance from coming into contact with 
‘that, ‘by which the barrel was afterwards to be her- 
he closed, This last substance consisted of a ° 
mixture 


8 
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mixturé of lead, tin, and bismuth, which melted at 
‘@ heat little above that of boiling water. When the 
barrel had been welded at the muzzle, the breech 
was introduced into a muffie, in order to make it 
undergo a considerable heat. The part of the com- 
pound metal which was thus expased to melt, by 
being nearest to the heated part, was kept separate 
from: ‘the china tube by confining within the barrel a 
‘small quantity of air, assisted by the vapour of a 
very small quantity of water; but the rest. of the 
metal continued in a solid state, After the cal- 
careous matter had endured that degree of heat, and 
the barrel had been allowed to cool,’ the fusible me- 
tal was entirely removed from it by the application © 
of a moderate heat; and the china tube was then 
taken out, for the purpose of examining the cal- 
careous substance. Sir James afterwards changed 
the form of his experiments, using only china tubes, 
and employing other means for closing the part-of 
these tubes which was not exposed to a great heat. 


» $04, In the course of the years 1801, 1802, and. 
_ and 1803, Sir James Hall made a number of experi- 
ments, by the various methods which he more fully 
describes, amounting to 156; and the following are 
the general results, as stated by himself...“ In an 
€ operation so. new.....constant success could not be 
expected; and in fact many experiments failed, 
wholly or partially. The results, however, upon 
“ the whole, were satisfactory, since they seemed — 
“.to establish some of. the essential joints in this 
‘ inguivy. ‘These experiments prove, that, by me- 
3 ° chanical 


¢c 
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* chanical constraint, the carbonate of lime can be 
made to undergo strong heat, without calcination, 
“ and to retain almost the whole of its carbonic. 
*€ acid, which, in an open fire, at the same. tem- 
perature, would have been entirely driven off...... 
‘“ By this joint action of heat and pressure, the 
“ carbonate of lime, which had’ been introduced 
‘in the state of the finest powder, is agglutinated 
“ into a firm mass, possessing a degree of hardness, 
** compactness, and specific gravity, neatly ap- 
‘« proaching to these qualities in a sound limestone ; 
“ and some of the results, by their saline fstobure, 
** by their semi-transparency, and their suscepti- 
** bility of polish, deserve the name of marble,” : 


305. In order to determine the degree of resist- 
ance, which, in the course of these experiments, 
the fixed air and the aqueous vapour underwent 
at different degrees of heat, and their effects upon 
the caleareeus matter, Sir James Hall produced the 
resistance, by means of moveable weights, in the 
manner of the valves applied to the boiler of the 
-steam engine; and the following are the principal ~ 
results: That under a pressure equal to 52 atmos- 
 pheres, or 1700 feet of sea-water, heat is capable of 
changing a calcareous powder into a common lime- 
stone: That under that of 86 atmospheres, answer- 
ing nearly to 3000 feet, or about half a mile, a com- 
' plete marble may be formed: and lastly, That with 
_ @ pressure equal to 173 atmospheres, or 5700 feet, 

that is, little more than one mile’s depth of sea, 

us oe . y the 
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the carbonate of lime is made to sinterch complete 
fusion, and to act ig on _— earths. 


306. Such is the abwennde of Sir Thittied Hall's 
experiments; I entertain no doubt respecting their 
accuracy; and, in common with all: experimental 
| philosophers, I consider them not only as manifest- 
ing much genius and persevering industry; ‘but as 
opening a new road in the important investigation of 
the various effects of fire, under different circum- 
stances, on the substances of our globe. But are 
these experiments applicable to’ Dr. Hutton’s hy- 
pothesis? This is a very different queftion, which 
I thall now proceed to examine. 


807. The present case is entirely analogous to 
that of which [ had treated in my Work, entitled 
Tdées sur la Météorologie, § 553, & seq. published im 
London, in 1787. The case to which [ allude re- 


lated to the theory of evaporation, which I had 


stated in former works, and which was as follows: 
“« that its product, from the lowest temperature to 
‘ the higheft, is always of the same nature; viz. an 
evpansible flud composed of fire and water, having 
a specific gravity less than that of the air, and 
consequently, as soon as it is formed, mixing with 
the air, and rising in the atmosphere.” | In oppo- 
sition to this theory were adduced experiments 
made upon aqueous vapour under the pressure of 
the atmosphere, in enclosed spaces, where it could 
overcome this pressure only by the temperature of 
boiling water. Messrs. Lavorster & De La PLAcg, 
in ee urged some experiments which they 


_ had 
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hed made on evaporation at the upper part of a 
barometer. In these experiments, the aqueous a= 
pour produced by a drop of water, above the column 
of quickfilver, at the temperature +- 10 of my scale, 

(aleout 54° of Fabr.) depressed that column only half 
an inch; which indicated, as the maximum in that 
wientdiatabos an evpansive force equal only to the 
pressure of a column of quicksilver of half an inch. 

When the pressure was increased by causing the 
column of quicksilver to rise in the tube, as scon as 
it arrived within half an inch of the top, the vapour 
began to yield; and when the column had reached 
the top, was again reduced te a drop of water. 


308. Of this kind were the experiments which 
were adduced againft my system ; it being from them 
inferred, that, since the vapour produced by a tem- 
perature lower than that of boiling water was en- 
tirely decomposed by the pressure of the atmosphere, 
common evaporation could not be of the same nature; 
—but must be, as maintained by M. Le Roy, 
(whose opinion had been adopted by the greater 
number of philosophers,) a dissolution of water 


by ar. 


809. I replied, in the abovementioned work, ‘that 
these experiments had:no connexion with the case of 
evaporation in air; as in them the whole pressure of 
the atmosphere was made to bear on the wapour 
alone, by the interposition of a substance émpervious 
to it: That, in this case, the vapour could be formed 
only when the degreg of resistance which it under- 

went 
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went was not superior to that of its- own expansive ~ 


force, always correspondent to the density which an 
be produced by the actual temperature: That the 


laws of this correspondence of its densities with the - 


temperatures were the same which determined.the 


point of ebullition, and continued to prevail in the dif- - 


ferent degrees of heat of boiling water under different 
pressures ; because, the vapour being then to: be 
produced in the water itself, it could not be formed, 
unless it could also acquire such density as to enable 
_ it to overcome alone the pressure actually exerted 
upon the water; which) necessarily required a cer- 
tain degree of heat: but that in open air, as soon as 
the particles of vapour were formed, they penetrated 
it; and were mixed with it, and thus supported no 
greater pressure than they were capable of resisting ; 
the rest of the pressure being sustained by the ar 
tach 


310. Such was my general reply to this objection; 


but, having resumed the whole subject of Eva- 
poration in a Paper presented to the Royal So- 
ciety, and inserted in the Philosophical Transac- 
tions for 1792, I there fully stated the /aws of aqueous 
vapour, beginning with the lowest temperatures, and 
proceeding to the highest degrees of heat of boiling 
‘water; and I proyed, by. direct experiments, that 
these Jaws were the same both in air and in vacuo. 
“This theory has hitherto remained unanswered ; and 
thus the notion of the dissalution of .water by air, a 
notion which had introduced great error into meteo- 
rology, and through the latter into general chemistry, 

- has 
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has been ejected by every atuchitven natural ibe 


oe 
311. This case, as I have eer said, is per- 


| fatty analogous to that of the application of Sir 


James Hall’s experiments to Dr. Hutton’s hypo 
thesis.. When calcareous substances are calcined in 
open air, the fived air, which is produced, immedi- 
ately escapes, and it continues to form, until the 
substance is deprived of its ingredients; but when a 
solid »body: prevents its. escape; the particles first 
formed)acquire a degree of condensation propor- 


- tional to the resistance which they experience ; and 


they oppose in their turns the same resistance td 
the formation of other particles. Under such cit- 
cumstances, therefore, if the heat be increased, it 
produces other combinations of the fired air with 
the calcareous earth, as im the experiments of Sir 
James Hall. | But under water, which the particles 
of that gas can easily penetrate, in which, collecting 
inybubbles, they rise rapidly, on account of their in- 
ferior specific gravity,there can be no impediment to 
their formation ; any more than to that of the agueous 
vapour, in water, under the pressure of ‘the atmos¢ 
phere, «when the heat is sufficiently intense. And 
indeed at sea, while calm, whatever be the depth; 
bubbles are very commonly seen ascending in the 
water, and that sometimes in great abundatites 
owing probably to the putrefaction of animal stb- 


stances at the bottom. ‘This, it is true; is referable 


only to the immediate ibigats of the sea} and it 
might be thought that the sérata themselves had 
exerted an sirhedtabe ee upon’ each ‘others, 

: But 
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But I answer, on the support of facts, that, it ni 

merous places on our continents, strata of calcareous 
sfone, or of chalk, censtitute the surface; and that 

these consequently, while they were forming in the 

sea, could not have been subjected to any other pres- 

sure than that of water. 


$12. Dr. Hutton’s hypothesis therefore receives 
no support from the experiments of Sir James: Halls 
and I shall:now proceed to show that they would 


serve, on the contrary, to overthrow it, could’ it - 


maintain itself upon any other ground. What these 
experiments directly prove, is, as might have beer 
expected, that expansible fluids’ cannot be formed 
when the substances which should produce them, 
are under the immediate pressure of a solid body. 
Now how could such fluids have been formed bes 
neath the mass of strata which they were to elevate, . 
to say nothing of the pressure of the ocean? Perhaps; 
however, it may still’ be objected that such fluids are, 
notwithstanding, actually formed under the strata, 
since it is’ by redid that Javas' are thrown up°to thé 
surface. But in that case, these fluids are enabled 
to form themselves, because the matter of the lavas, 
being soft, yields to them, successively retreating 
and escaping through some opening; @ citcumstance 
perfectly unconnected with the notion that expan- 
sible fluids can be formed beneath the whole extent 
of strata, which rest upon the véry substances 
whence those fluids ought to be produced. Here 
then the effect is checked at its commencement; but 
should it be supposed to proceed to’ its completiong, 
viz. 
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_ vigothe raising of our continents, that operation alone 
* “would: dkion, to overturn the whole theory, as I. 
have: already shown. . For, supposing that, contrary 
to the above fact, the fluids, could really have formed: 
and forced up the mass of our strata, together with 
the ocean, the moment that the. crust should have 
been broken; the fluid would. have escaped, ‘and the 
dislocated:mass must have fallen, down again into its, 
former Lima | 
VEO | gq Min? 

REMARKS ON MR. KIRWAN’S! GEOLOGICAL ESSAYS, | 
wa! QE 
8 Pst The wheat ‘lidian to arabe i tna to 

advert was'the geological system of Mr..Kirwan ;. on 
which,” however, I need not long dwell, because, the 
points connected with it have dltosiles been discussed 
inthis volume. I entertain a great personal. respect 
for Mr: Kirwan, -with whom I had the satisfaction of | 
- being acquainted during his. residence in) London. 
Besides, our object in geology is the same—that, of 
pointing out the errors’ of the:systems which are in 
opposition to the Book of Gevesis, the only authentic 
source of the knowledge possessed by men respecting 
their own origin, and that of the universe. This he | 
has‘done with great success, in regard. to. such of 
those systems as he has examined. But he has him- 
self formed a theory, respecting which we. differ on 
many pots, and that for a gence reason, which I 
shall begin by stating. | 

314; T acknowledge Mr. Kirwaty 3 great talents 


e chemistry, although we disagree respecting an es- 
sential © 
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séntial | pains of the general theory of the acienee; : 
viz. the nature of water ; whence has resulted the 


difference of our mode of considering the first: phy- 
_ sical operations which took place upon our globe. 
Fam not less aware of his great knowledge of the 
details of mineralogy, and of his extensive acquaint 
ance with the works of all the best writers on that 
subject. But, although chemistry and mineralogy 
form essential parts of geology, they do not consti- 
tute its basis. Nothing, indeed, in the fundamental 


principles of this sciencé, must be in opposition to_ 


that which is clearly demonstrated by particular phe- 
nomena: but the history of the earth, which is the 
object of Geology, is ultimately resolvable into the 
history of the mineral strata and of the sea; and a 
knowledge of this history cannot be attained without 
the attentive study, in various countries, of their 
hills, mountains, vallies and plains, and of con- 
siderable extents of different coasts; a study, to 
which Mr. Kirwan has applied but little. Being 


thus indebted for the greater part of his information 


to the various descriptions of others, it has been-im- 
possible for him to discern in them, those defects, 
“which would have been apparent to such as had 
studied nature with their own eyes; he has not, I 
mean, béen able, in consequence of his own obser- 
vations, to distinguish the descriptions which merit 


confidence, from such as, by their imperfections, - 
may lead to error. The application of this remark — 


will presently become evident. 
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‘815. The fundamétital difference ii our opinioiis; 
whence all our other disagreements arise, originates 
inthe conclusion drawn by Mr. Kirwan from the 
Book of Genesis, that the Deluge took place on the 
very continents which we inhabit; ati opinion which. 
has influenced his whole system. I have pursued a ~ 
different course, as may be seen in all my works. I 
began by studying geological monuments; from which 
* Iclearly saw that our continents had formerly been 
the bed of the sea, and had become dry land, in conse- 
quence of a revolution whith had taken place on the 
globe. Upon referring afterwards to Genesis, I 
could easily judge that it was this very revolution 
which had produced the Deluge; the coritinents pre- 
viously inhabited being then destroyed: I here 
only point out this essential difference in our mode of 
conducting our researches, as I have elsewhere 
dwelt at large upon that subject; and I am the less 
obliged to i so at present, because Mr. Kirwan, in 
opposition to a system so extensive . as mine, and 
founded throughout upon observation and experi 
menty has merely urged a few objections, comprised. 
in four pages, (p. 6164, to answer which it would 
“be necessary to repeat, on each head, all that is 
» eontained in my works respecting them, to which he 
has not adverted: It will moreover be seen that 
such a recapitulation is not essential to establish the 

truth of the follawing remarks. 


“316. Although we differ respecting the nature of 
the first physical operations which took place upon 
« Bb Sis our 
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our globe, we yet both of us set out from a périod 
when it was encompassed by. a liquid, ‘in which were 
held in solution by each other, all the elements of 
the substances now. observable on the earth’s. surface. 
But whereas, in my system, the chemical precipi- 
tations produced; in this liquid, were collected at 
first in strata at the bottom of the sea, and became 
mountains in consequence only of the, catastrophes — 
which they underwent, Mr. Kirwan (p. 21) ascribes 
to these precipitations the immediate formation of 
some mountains, which he calls primitive. It wij} 
now. appear that, from, this first difference in, the 
judgment which we have formed in regard: to the 
most general facts, result all the other differences — 
between our respective systems. If Mr. Kirwan 
however had observed mountains as long, in.as great 
a-variety-of places, and with.as.much attention, as 1’ 
have done, and had afterwards perused, M. de Saus- 
sute’s Voyages dans les Alpes, to, which, he so fre- 
quently refers, he could not, but have been struck 
with the strong light thrown by that: work, upon. the 
nature of those eminences; which were evidently. at 
first laid in strata nearly, horizontal and continuous, 
and. were converted into. mountains, solely by, the 
catastrophes which befel them. To M. de Saussure’s 
remark on this subject we shall more particularly” 
revert; but, for the details, I must refer-to the work 
of that great observer, more especially to Chap. XXL, 
entitled, Poudingue de la Valorsine, and to Chap. 


XXXIV. entitled, Le Cramont, § 916 & ach 


917. Again, 


871 


817. Again, Mr. Kirwan’s theory, as well as 
my own, represents the quantity of the Uguwid as 
having diminished on the exterior of the globe ; and 
this supposes that internal caverns either already 
existed, or were subsequently formed. Mr. Kirwan 
has adopted the first of these ideas, which he de- — 
velopes and supports, p. 24 & seq. It is to the 


' operation of preceding volcanoes, that he ascribes 


the existence of caverns, into which he believes the 
liquid to have gained admittance, at first rapidly 
but afterwards more slowly, through the numerous 
rifts occasioned by the volcanic r0sh and’ thus the 
height of the sea was reduced first to about 8500 or 
9000 feet above its present level ;. at’ which time it 
began to be peopled with fish. During this period 
were formed, according to Mr. Kirwan, the moun- 
tains which he calls secondary; I have also em- 
ployed this expression, but I have applied it, not 
to the mountains themselves, but to the strata formed 
subsequently to the production of organic bodies. 
He supposes however that, at that period, almost 
all the substances capable of being chemically pre- 
cipitated had' been separated from the liquid; and 
he employs for the formation of the secondary masses, 
such materials’ only as were furnished by the disin | 
tegration of primitive mountains’ in the sea’; 
whereas, according to my theory, the chemical pre- 
cipitations continued to take place in the sea, until 
the birth of our continents. 


318. Having formed immediately into the nioun- 
tains, which he calls pramitive, the substances che- 
~ Bb ‘  mically 
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mically precipitated, Mr. Kirwan necessarily con- 
sidered the deritus, supposed by him to have pro-, 
ceeded from them, and containing organic bodies, as 
having been also originally formed into mountains. 

T hieses last, which he terms the secondary mountains, 
he considers as having been formed around the for- 
mer, and over these parts. of them which were al- 
ready sufficiently destroyed to admit of their being 
completely covered by the latter; because it is thus 
that we at present find them. Now he could never 
have believed these ‘eminences to. have been origi- 
nally formed into mountains, were it not that he ~ 
had seen but very few of them, and that he had 
not had the opportunity of observing those among ' 
them which are impressed with such characters as 
clearly denote, that, before they were mountams, 
their. masses. had been disposed in horizontal and 
contuous strata. 
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319. And Sike it will be proper more particularly 
to speak of the remark of M. de Saussure. which: I 
_ have already mentioned. Had mountainous regions, 

and especially the Alps, been as familiar to Mr. 

Kirwan as they are to me, that remark could not but - 

have made the same forcible impression upon him, 

which I had experienced from it. . On the subject of 
secondary mountains, I never varied in opinion, -be- 

cause their nature is very intelligible; but, although 

my acquaintance withthe Alps had been earlier than 

‘that of M. de Saussure, it is to him that I am in- 
debted for understanding the structure of the moun- 
tains of this cia which I contented myself. with 
calling 
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talling primordial, and not primitive, at the same time 

confessing that to me their nature was involved in 
mystery. From my previous knowledge, however, 
of the spots, I was well prepared to understand the 
theory, of which I have already given an exposition, 
but which, in this place, it will be necessary again 
to state. 


320. In the first volume of his Travels, M: de 
Saussure, speaking of the nearly vertical strata which 
he had observed, and considering them as having 
been produced in a solid state, ventured upon an 
opinion, in which [I could not acquiesce, viz. that 
they had been formed in that position; and such is 
the opinion entertained by Mr. Kirwan; as also by 
' M. Werner, to whose theory what I am here going 
to state will therefore equally apply. The regular 
strata of breccia of the Valorsine, which Mr. Kirwan 
- mentions, though without stating the remark sub- 

joined by M. de Saussure to his description of them, 
werethose which so forcibly struck that observer, when 
he came to consider that strata, which showed by the 
fragments of other stones contained in them, that 
they must have been at first in a soft -state, could 
not have been formed in a vertical situation. Con- 
ceiving, therefore, that they had -been originally ho- 
rizontal,. or nearly so, and yet observing them to be 
énclosed between other strata lying in the same po- 
gition as themselves, viz. those of granite toward 
the central chain, and of schistus on the opposite 
side, he thence concluded, that these niust all have 
been 
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been produced in the same horizontal situation as 
the strata of breccia, When afterwards, yiewing 
from the summit of the Cramoné the several chains 
of those mountains, he saw the calcareous strata of 
the exterior ridges turned up against the central 
chain, and considered that these strata, which are 
perfectly parallel to each other in their present situ- 
ation, must nevertheless have been originally i in @ 
‘soft state, since they contain marine bodies, he en- 
tirely relinquished his first opmion; and only saw, 
in that assemblage of mountains, from the exterior 
ridges to the central cham, strata which had been at 
first successively formed upon each other, though of 
different classes and species, in a horizontal and 
continuous situation; and which had afterwards been 
converted into chains of mountains, in consequence 
of some revolution, during which they had been 
fractured, dislocated, and reduced to their actual 
position, ‘Thus it is that he has diffused upon geo- 
logy a light, which can never be obscured; because 
whoever “hall at any time att entively study the naz 
ture of mountains, as I have done since I have had 
that light to guide me, in a variety of countries, will 
Pageant 4b ful the same phenomena, which, through 
the eyes, irresistibly speak to the understanding, | 
Of this Mr. Kirwan has not been aware, because he 
has not sufficiently observed with his own eyes those 
parts of our continents which consist of mountainous 
tracts; and it-will be seen that the least defensible 
part of his theory is to be ascribed entirely to the 
want of that, mecessary information, | 
321. Mr. 
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321. Mr. Kirwan again believes with me, that, 
during the formation of the first of the mountains 
hth he calls secondar ‘y, (those containing marine 
-etuvie,) the liguid, continuing to pass into the inte- 
rior parts of the globe, dittiniehaa considerably on 
the surface; he supposes, p. 44, that this retreat 
continued until a few centuries before the deluge. 
And here also we agree an two points: that our con- 
tinents were once the bed of the sea, and that the 
waters of the sea produced the deluge ; but after this 
our opinions do not any farther coincide, and for tne 
following reasons. | 


399. If Mr. Kirwan, in studying the history of 
our mineral strata, and of the sea, had really con- 
sulted the objects themselves; if, in regard fo the 
former, he had been thus led to conclude, in com-— 
mon with the most accurate observers, that they had 
been originally formed in a horizontal and continuous 
situation, and that they now constitute mountains, in 
consequence only of the catastrophes which they 
have undergone, he would not have sought m the 
deluge an agent to which should be ascribed their 
present form, an agent that had no share whatso- 

ever in its production. If again, in regard to the 
: sea, he had studied in different places, and on coasts 
of different kinds, its real, and at the same time its 
only possible, operations, he could not have attri- 
buted to the deluge such effects as the divulsion of 
vast continents, ae the separation of large islands 
from the main land; and more particularly the scoop- 
ng out of the immense bed of the Atlantic, The 

. deluge, 
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deluge, beyond all. doubt, wag a miraculous event, ‘ 
and in this light I have considered it: but when some 
cause of that event, as produced by the Divine will, 
has been pointed out, it must be shown that the ef- 
fects of that cause are in conformity to the ordinary 
course of nature, and consistent with what we ob- 
serve on the earth’s surface. These necessary con-— 
ditions are admitted by Mr. Kirwan, and in his the- 
ory he considers them as fulfilled ; it is therefore un: 
der this point of view that I tact proceed to ex- 
amine it. 


323. I shall first state our respective theories, in 
reference to that great event, beginning with my own; 
because my exposition of it will leave me nothing 
farther to add. According to ‘the first part of my 
system, which is purely solbuieab those portions 
of the bottom of the ancient sea, which became our 
continents, had, before they were abandoned by that 
sea, been brought, by the natural operations which 
I ‘have araied: to the state in which we now ob- 
serve them; and since that event they have under: 
gone no change, but such as is effected by the causes 
at present acting on the earth’s surface. By study- 
ing the. respective actions of these causes, which are 
of several classes, in order to discover what they 
have produced, we may, with certainty, determine 
the state of our continents at their birth. All this, 
J observe, is wholly independent on any reference to 
the book of Genesis ; and it is the same with respect 
to that part of my theory, which concerns the man- 
ner in which our continents became dry land; geo- 

‘ | logical 
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logical facts clearly proving that this event took place 
in consequence of a revolution upon the globe, du- : 
ring which, the sea, changing its bed, overflowed 
the continents which then sunk. There needs, there- 
fore, no commentary, to show the conformity be- 
tween Geology and the history of the Deluge, a ca- 
tastrophe, which God himself, when he “ saw 
that the wickedness of man was great in the earth,” 
had announced to Noah in the following terms: 
_ Behold, I will destroy them with the earth; ? which 
destruction, as we learn from the description of the 
event, was occasioned by the sea, in Scripture called 
the deep. Geology, however, extends still: farther 
its agreement with Genesis ; it ascertains with preci- 
sion, as I have shown in this work, the state of our 
-- eontinents at their birth, and the causes which from 
that time have acted upon them; whence two other 
essential points are established; one, that the devel 
of the sea has not changed since that period ;. the 
other, that the antiquity of our ‘continents is not 
greater than the Mosaic chronology from the Deluge 
ascribes to them. Such is a summary statement of 
my system, with which the Deluge is indeed con- 
nected, but not as a proof; the system being other- 
wise supported by a series of facts, embracing the 
whole physical history of the earth, from the period 
at which it was coyered by the primordial HM diquud, to 
our own times.. 


324. Very different is Mr. Kirwan’s system, both 
in its origin and in its progress. Having erroneously 
collected from some expressions in the book of Ge- 

! ; nesis, 
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nesis, of which he had not sufficiently studied the 


connexions, that the Deluge, though occasioned by 


the sea, had taken place on the continents still in- 


habited by men, he experienced the same insur- 
mountable difficulty in reconciling his explanation 
with geological phenomena, which had been felt by 
those who had preceded him in the same attempt, 
and whose systems, easily refuted, had caused the 
anthority of Genesis itself to be questioned: since 
it had been imagined that to overthrow those systems 


was to subvert the authenticity of the sacred volume, . 


Of this danger Mr. Kirwan was not aware; because, 


not being sufficiently acquainted with the phenomena - 


. exhibited on the earth’s surface, he had overlooked 
those descriptions of them which were the most ac- 
curate, and dwelt on such only as seemed to denote 
violent attacks of the sea upon the land, and in par- 
ticular upon the mountains; and in order to account 
for that sapposed effect, he imagined that the part 
of the liquid, which had penetrated into the interior 
of the globe, had issued from thence in a miraculous 
manner, and produced the deluge. This is stated 
by Mr. Kirwan in p. 67 and seq. He supposes that 
these waters proceeded from the great southern 


ocean, below the equator, and thence rushed on tie 


northern hemisphere, covering thus once more the 
mountains which had been originally formed in the 


bosom of the sea; and that afterwards this superflu- 


ous quantity of laguzd returned with equal impetuo- 
_ sityto the south, and again passed into the interior 
of the globe. J make no objection to such motions 
of the water; they constitute the miraculous effect 

supposed 
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supposed by Mr. Kirwan; but then it is requisite 
that he should satisfactorily account for the geologi- 


~ gal monuments connected with this part of the sub- 


ject. I shall therefore proceed to take a short sur- 
yey of those which he considers as explained by the 
foregoing cause, and to show that his opinion en-+ 
tirely proceeds ‘from the confidence which. he has 


placed in vague and imperfect descriptions. 


325, The first phenomenon which struck Mr, 
Kirwan was the ruinous aspect of numerous hills and 
mountains; an aspect vaguely considered by some 
geologists, as denoting catastrophes produced by a 
violent attack of the sea. But if he had himself 
examined many of those hills and mountains, or had 
placed his reliance on accurate observers, he would 
have recognized the unequivocal proofs which I have 
enumerated in this work, not only that catastrophes 
of a very difierent kind had there taken place, but 
that they had occurred im succession, at periods 
greatly antecedent to the birth of our ‘continents, and 
considerably distant from each other.—The second 
phenomenon which engaged his attention was that, 


among the extraneous fossils found in our regions, 


were the remains of animals, both marine and ter- 
restrial, species analogous to which exist at present 
in the southern hemisphere only; and he adopted the 
opinion of M. Pallas in supposing this eflect to have 
been produced by a sudden motion of the sea from 
south to north, correspondent with his own idea of 
the Deluge, I shall.speak first of the marine bodies ; 
these are the xemains, not enly of animals: now be- 
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longing to no seas but the southern, but, in a still 
greater quantity, of such as do not at present live in 
‘any part of the ocean. Besides, these remarkable 
fossils of the marine kind are contained almost: ex-. 
_ clusively in stony strata, which, in various countries, 
constitute great mountains, such as the whole chain 
of Jura, and the external chains of the Alps ; and 
it is by the fractures, partial subsidences, and angu- 
lar movements, which those strata have undergone, 
that they have been converted into mountains. . Now 
these are not effects which can be ascribed to the 
Deluge.—With regard to the quadrupeds, ‘at present 
inhabitants of only the southern regions, the bodies 
of which are notwithstanding found buried in our cli- 
mates, and are supposed, both by Mr. Kirwan and 
M. Pailas, to have been transported by a sudden” 
motion of the sea. from ‘south to north, I confess 
that I could never understand how M. Pallas, who, 
from his own observations, knew Asia to be inter- 
sected to a great extent, by chains of hills and moun- 


tains, could have conceived the bodies of rhinoce- _ 
roses and elephants, which are so much heavier than 


water, to have floated over those chains, instead of 


being detained in the first vallies. But let us sup- 


pose them to have reached the northern climates, 
together with the waters rendered turbid by the loose 
soil which they must have washed from the surface 
of the land: what would have been the result? 
- Nothing but large accumulations of mud, with those 
bodies dispersedly intermixed. Now I have seen 
bones of elephants, taken from several spots which 
I have myself observed: the soil was composed of 
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regular strata of different species, lying one over an- 


other; and thus plainly denoting, as well as some of 
which Iam gomg more particularly to speak, that 


the sea was calm during their formation. 


326. One of the phenomena upon which Mr. 
Kirwan lays the greatest stress in his theory, had 
been already many times adduced as a proof of the 
Deluge, but, as long.as it was thought to prove di- 


_ rectly that event, it had given occasion to unanswer- 


able objections; I. mean the vast accumulations of 
shells found in loose and superficial soils. Mr. Kir- 
wan considers these shells as a proof of that return 
of the sea upon our land, to which he ascribes the 
Deluge. ‘These scattered marine bodies forming, | 
however, in themselves a very important phenome- 


non, my brother and I had directed our attention to 


it, from the time when we first began to devote our- 
selves to geological pursuits: we made a large col- | 
lection of the shells contained in loose soils; not 


merely with the view of arranging them in our ca- 


binet, but for the purpose of examining the spots 


where they had been deposited, and all the circum- 


stances attending them. ‘The results of our obser- 
vations are, for the most part, detailed in my first 
geological work, where Mr. Kirwan may see them; 
I shall therefore here confine myself to a general 


outline. These shells are found in regular strata of 


'. marle, argil, and different kinds of sand. In some 


} 


places, those strata.continue the same to the great- 
est depth we can reach; in others, their nature 


_ changes as we penetrate the soil; and then it most 


commonly” 
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conimonly happens that, after having met with 2 
certain family of shells in a particular class of strata, 
we find different families in those either above or 
below; in the same manner as we observe the fami- 
hes to change in the stony strata, where they form 


whole mountains. Lastly, the loose strata, which — 


are always parallel to each other, are in various 
places. fractured. and highly inclined, as well as the 
stony, strata; which they cover. Such were the ob- 
servations, which, at an,early period, convinced my 
brother and myseli,—first, that, at the same time 
that' these shells directly prove our continents to have 
been: formerly. covered by-the sea; it is no less evis 
dent that they could not: have been deposited by'the 
Deluge; for, in that case, the utmost confusion 
would. prevail throughout-all the loose substances on 
the surface of our soils;—secondly, that these regu 
larly disposed strata were produced: from: the last 
precipitations which: took place in the sea; when 
marine animals existed at its bottom ;—and: thirdly, 
that the sea retired from our continents, by — 
img its bed. 


327. I shall not dwell upon some strange-effects 


ascribed by Mr. Kirwan to the>supposed return? of 


the-sea upon our land; such as producing the angu- 
lar form of the continents towards: the south, exca- 


yating the immense basin ofthe Atlantic, and sepa> 


rating Great Britain from the continent of Hurope, 
and Jreland from Great Britam. Mr. Kirwan could 
dhave been induced to suppose such operations of a 


mas by his persuasion only that the continents — 
which 
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— which we inhabit, must necessarily be the same with 
- those which belonged to the antediluvians, and by his 
preconceived notion of the original form of these 
continents. or nothing can, lead us either a priori, 
or from the general phenomena of the earth, to de- 
termine what were the original ou¢dines either of the 
first or of the present continents; though the form 
of their surface clearly manifests the causes by which 
‘it was produced: and to attribute their actual out- 
lines to a sudden irruption of the sea, and to its re- 
_ sidence upon the land during the short period of the 
Deluge, implies great inattention to the. facts on 
which the question ought to rest, namely, the real 
effects of sudden percussion, and of the residence, 
however prolonged, of a liquid mass upon solid sub- 
stances, such as are the stony strata which compose 
the greater part of our continen‘s. 


328. Neither shall I dwell on the phenomenon of 
the organised terrestrial bodies, vegetable as well.as 
anmal, which are found among fossils; for this sub- 
ject, when considered in all its. branches, is. con- 
neeted with so many others, that it could not be. con- 
_ -veniently introduced in this place. Mr. Kirwan says 

only a few words, p. 64, on the very extensive part 
_of my theory concerning this subject, developed. in 
my. preceding works; aia he does not even consider 
the phenomenon in its geological pomt.of view,, but 
contents himself with opposing to me the authority 
of Genesis, which book he does not however seem 
to have studied with sufficient attention. Ihave 
not therefore to defend my system against aby. pre- 
cise 
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cise objections; and with regard to his own theory 
on the same object, to have demonstrated by all the 
other phenomena, even those on which he particu-: 
larly grounds himself, that the sea has never over- 
flowed our continents since the period at which it 
first abandoned them, is surely sufficient to show the 
necessity of seeking some other cause, to which those 
terrestrial venetdtles and animals found eS our 
fossils may be ascribed. ; 
329. This is all that I consider as requisite tobe 
said here of Mr. Kirwan’s geological opinions, which, 
from the beginning, I Hats tracted as very distinct 
from his eHerdital: and mineralogical knowledge, 
wherein he is very eminent. I a6 nat, however, 
here take leave of the subject itself. My present 
undertaking, in its whole extent, is intended to em- 
brace geology, considered in a general sense, with 
all the principal questions which have arisen in that 
science. This first work I have more particularly 
devoted to the objects connected with those two great 
and fundamental ‘points in the history of the earth, 
the state of our continents at their birth, and the 
causes of that state. What I have advanced on 
these points, having been the immediate results of 
the general phenomena which I have adduced, would 
have sufliced for the establishment of fixed.and per- 
manent bases in geology, if conviction could be com- 
manded by facts presented under such a form. But — 
I showed from the beginning, that this effect could 
not be expected, on account of the very different 
systems respecting the same objects, which their 
authors 
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authors equally ground.on what uted pretend to be~. 
general bbenomenge 
330: This circumstance forms the ereatest obsta- 
cle to the advancement of sciences which, from their 
objects, can be founded only upon facts, although 
such sciences might seem to be the least exposed to 
that cause of retardation; and as it is by the vari- 
ous modes of representing the same. facts that the 
retardation is produced, there can be no other means 
of overcoming this obstacle, than by a sufficient 
number of well. authenticated details. When we 
think that we have established a system upon real 
facts, which however, to facilitate the discussion, 
we have been obliged to present under general forms, 


ing a superficial view of science, we must not hesi- 

tate to bring forward a great number of well de- 

scribed instanecs in each of the various classes of 

those facts, in order that the generalizations may 

-.. immediately arise from themselves. When natural 

philosophers shall follow this regular mode of de- 

veloping their discoveries, . (nor will they neglect 

it, if they find it to be expected from them,) many 

chimerical systems w ill yanish even from their own 
eyes. | - | 


$31. The fundamental facts in Geology consist of 
every thing that natural history has already collected, 
or can still collect, by attentive observation, respect- 
ing the actual state of our. globe; and amaccurate 
Cec generalization 
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ck ing read’ by those w ho content themselves with tak- 
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generalization of each of the several classes of these 
‘phenomena can be formed only by means of the mul- 
titude of particular phenomena belonging to it, col- 
lected in many different spots, with all ducky various 
combinations. This, as I have announced, is the 
method which I shall pursue in furnishing the proof 
of the general facts brought forward in this volume, 
for the purposes, both of establishing my own the- 
ory, and of supporting my aréutrietits against those 
of others: and the orfothlnee of this engagement 
will be found in the account of my Travels, which 
will soon follow the publication of the present 
work. : 
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SIXTH GEOLOGICAL LETTER 


T@ 
PROFESSOR BLUMENBACH, 
BY 
M. DE LUC, 


! Being a Physical Commentary on the 
ELEVEN FIRST CHAPTERS OF GENESIS. 


ae 


. In my last letter I collected together the leading phe- 
nomena of a numerous class, tending to ascertain beyond a 
doubt, the following points. First, that the birth of our 
continents must have been preceded by a sudden revolution, 


during which the ancient CONTINENTS sinking down , formed 


a new bed for the sea; and, secondly, that the epoch of this 
revolution is not more remote than that of the deluge, accord- 
ing to the Mosaic computation. What then becomes of 


that immense aniiquity, to which certain Asiatic nations lay 


claim, and of which some Geologists have availed se ss acaba 


_ to form systems as groundless as these Chronologies ¢ 


. While, Geology has made advances in unraveiling the 
tevth of our Globe, it has been strongly supported by the 
enquiries of learned men into those mythological fables, 
which gousied with the veil of fancy the true history of map- 
kind. In ti the year 1776, Mr. Bryant published an eminent 
work (The sdasolanet of Ancient Mythology) in which, 
tracing by 2 most laborious and learned analysis, the Mytho- 


dogies of Greece and Rome, up to their Lgyptian and Asia-_ 


fic sources, he pinees that they all allude to the history of 
the Deluge, as related by Moses; referring in common. to 
that event, defined by the same characteristic circumstances, 
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the Fock of a Renovation of the human race, by a per- 
sonage conspicuously described, who was miraculously pre- 
served with his family, 3 in a neared? "These results, as far as 

they relate to the nations of Asia, have been since confirmed 
in the three volumes hitherto published of the Asiatic Re-- 
searches, the fruits of the learned enquiries of a most import-_ 
ant literary society established at Cadeutta, under the presi- 
dency and direction of the late Sir Witn1am Jones. — Last- 
ly, in Mr. Mawrice’s publication on the history of Hin: 
dostan, we have a recapitulation of all that has, through a 
length of time, been discovered on this important subject, 

Kendle with the modern discoveries, ane accompanied 
with many very interesting remarks. ; 


3. Hitherto, however, -it might appear , that we have as- 
certained. with more precision ‘only, a resemblance, which 
unbelievers had already noticed between the Pagan Mytholo- 
gies and the book of GENESIs 5° whence they had concluded, 
and still continue to svi that the latter was also a My- 
thology compiled by the Hebrews from notions which they 
had adopted during their captivity in Egypt, anid from the 
opinions ‘of the several nations by which they were surround- 
ed; but the /istory of the earth, necessarrily connected with 
that of mankind, will decide that dilemma. ‘The cosmogony 
of GeNEsiIs, at the same time that it contains, im common 
with the cosmogonies of these nations, the great event of the 
renovation of the human race after a deluge, instead of car- 
rying back the era of this event to an immense distance, as- 
signs to it only @ very small number of ages.» Here then is an 
indisputable criterion : we cannot refuse to acknowledge, 
that, of these compared cosmogonies, that of which the chro- 
nology 3 is ascertained, must be the original. Now I have 
_ shown in my former letter, that the phenomena of the earth 
‘confirm, beyond all doubt, the chronologs ey of the Book of 
Genesis. If then to this first criterion of truth, is added 
this striking circumstance, that though composed at’ a time | 
when Polytheism prevailed among ever ry other nation, Gr-- 
NESIS represents the Israelites as professing the most pare 
Theism, such solid foundations will, I hope, induce every 
lover of truth and of mankind, to examine attentively the 
whole of what E shall further state, relating to - characters 
of this great rr bet a \ 
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4 The Deluge is described by Mosns under circin-: 
stances so precise, that if they are true, they must be im-- 
pressed on the whole of our globe as.forcibly as its chrono- 
fogy : aud now, in proying that,they, are so,. 1 shall. not, con- 
fine the character of Mosss to-that of, a faithful historians - 
but shall make it manifest, that he must neegeaAN have been 
deptesoa fs) God himsel tbat u's Qe ould ) 
ised neers + 
‘ssdiny No be Giivat of, events vob, ae ees iacbieide} 
could be.more simple than: (this, of MO SES +; the, history. of 
mankind i 1s the main series, of events which he, is to mpress 
on the memory, of the people , entrusted to jhis direction; 
marking those in which the imtervention of Gop had been 
nia aaa to their forefatliers.... He first, therefore, expounds 
to them, in a succinct, manner,, the successive. operations. by. 
which, at the word of Gon, the earth was prepared for the 
reception of man, but with such leading circumstances, that | 
we have found them clearly impressed. on our globe:, then; 
proceeding in his main purpose, the history of man, and ar- 
riving at the era when the Awman race ie renewed. after.a 

delugey, during which Gop granted his protection to, Noan 
and hia family, he relates this event: after which he confines 
himself to the history of that family, with whom the repopu- 
lation of the’globe commenced. In this narration, Mosxrs 

does not stop to explain or prove the events he treats of, but 
simply relates them; the Israelites knew, from traditsan, the | 
truth of a great number. of. the circumstances related ;. and 
they admitted without inquisitive curiosity, those they could 
not know, because Moszs exercised among them a superna- 
tural power, which proved him.to be the minister of Gop. 
We have not now the benefit of such direct proofs, but the 
phenomena of our g/obe, which have been the immediate ef- 
_ fects of what he declared .to, the Israelites, are for. us as.deci- 
sive pr oofs as what they witnessed. 


6. I shall begin with the ALmicury’s Revelation of him- 
self to Noati previous to the Deluge (GENzsIs, chap. 1. 
v.13.) “ And Gop said unto Noau, the end of all flesh 
“ is come before me; for the earth is filled with violence 
* through them: and behold, I will destroy them with the 
Fs earth.” The more literal translation of the latter part of 
the verse is, “ I will destroy them, and the earth with them.” 
We see that the term earth does not here signify the ferr e 
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trial globe, but the land inhabited by man; conformally to 
this we read in chap. i. v. 10; “ and Gop called the dry land 
“earth.” It was therefore the destruction of those conti- 
nental parts which was foretold to Noan. Now Geology, 
as [ have explained in my former letter, proves, that ata pe- 


riod corresponding with that assigned to the Deluge, ancient 
continents sunk ; and as the sea rushed over them to.occupy: 
their place, all the organised beings necessarily perished. 
‘Thus Geology, a science but very lately advanced so far as to 
explain to us the real history of the globe, comes in; as an evi-” 


dence, that, at this very period, the human race that inhabited 
the earth, or the former dry lands, was destroyed with it. 


7. Let us, however, suppose for a moment, that the his- 


tory of the Deluge, thus showin to be real, is only the record 


ef a tradition, true as to the events, bat into which has been» 


inserted, by fraud or superstition, a pretended revelation from 
Gop to the family saved. - ‘Then we must necessarily admit; 
that the Deluge surprised this family as it did the rest of man- 
kind; that by some fortunate accident they found themselves 
shut up ina vessel with abundance of provisions} and that 
this vessel, instead of being swallowed up in the chasms which 
were opened in the ofd continenés, (though it would certainly 
have happened im the natural course of things) floated in such 
an extraordinary manner as to be at length stopped agamst 
one of the éslands of the former bed of the sea, before it had 
entirely abandoned it: im such a case, what could have beer 


the facts observed by this family? . That after an astonishing 


rain, during forty days and forty nights, their bark had been set 
adrift ; that m this state it Kad been violently driven about om 


a body of water terribly agitated ; that during a certain period 


they saw nothing but water under the horizon; that in process 
of time, a raven and a dove gave them notice of their approach 
to lund ;' that at length their vessel rested on a’ mountain, 


where they disembarked; from which moment the waters 


gradually retired from the land on which they found them- 
(selves,) <7" ° us ey 1 


9. This, I say, must have been all that any spectators, 


accidentally preserved in such a catastrophe, could have ob- 
served or described ; it never could have entered into their 
thoughts, that this dreadful catastrophe had been caused by 
the smking of an inamense extent of /and, whence a new land 
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was formed from what before was the ded of the sea: it is 
Geology that unfolds to us that great revolution, written on 
our globe, in indelible characters; and it thus necessarily re= 
_ cals to our mind, that important circumstance which we had 
by our supposition set aside for a moment, namely, the predic- 
tion of the Deluge to NoAn, purporting, that all the inha- 
bited parts of the globe sheuld be destroyed. Here then is 
a revelation confirmed by indisputable facts; and this first de- 
monstration might serve to overthrow all the arguments of 
unbelievers against any divine revelation; but ‘we shall see 
that the whole Book of GrNezsis bears the same character. 


9. Not only the family of Noan was struck with this event 
im the manner in which Geology teaches they must have been; 
but they knew, and transmitted it to their posterity, that Gop 
had interposed on this occasion, and that it was by his power 
they had been preserved: we know this, from the’ ancient 
Mytruotoctts, the first foundations of which necessarily re- 
fer to traditions of Noan’s family; for the chronology of this 
family being confirmed by the phenomena of the earth itself} 
we cannot doubt that all the traditions must have proceeded 
from them. Now the nations of the east have applied the 
whole strength of their imaginations to describe a terrible agi- 
tation of the Sea during a Deluge: ‘or rather, it is from the 
greatness of the ideas preserved among them, on which they - 
exerted all the power of their fancy when they were left to them- 
selves, that proceeds the strong character observed im the orien- 
tal images: and they had not lost sight of the circumstance 
of a superior power presiding in this catastrophe ; for they par- 
ticularly attribute to such a Being, the preservation of a bark 
(notwithstanding the violent agitation of the ocean) containing 
some holy person, with his family, consisting of seven people : 
we may see this particularly explained in Mr. Mavrice’s — 
History of Hindostan, p. 351, &c. | 

10. Moses was uot indebted to these sources for his in- 
formation; else he could not have avoided using their ima~ 
gery: neither did he write from a knowledge acquired in’ 
Geology or Phys's; for these sciences had as yet no exist- 
ence; the observations on nature had till then been chiefly 
directed to the common wants of human life; and even the 
origin of what little science they possessed was as much 

| " ‘wrapped 


292 


wrapped up in’ tlie veil of mythology, as that of. the new. 
raceof man.’ ‘he narration of Moses was extremely simple, 
and all it contains is at this day confirmed by Nature: I pro-. 
ceed to make this evident with regard to the tirst circumstance. 
m this relation, namely the prediction of the destruction of 
the ancient continents; and in this discussion I shall point out 
the geological facts recorded by Moses, after I have re- 
minded you of some phenomena, from which we have re- 
ceived our first instructions in Geology. Horiercdaae 

11. I have explained in the course of my former letters, 
the causes-and the effects of certain great changes which took 
place m our atmosphere durmg the formation of our globe, 
such as we see it at present. The causes, which are con-j 
nected with the production of our mneraé strata, are the 
succession of expansible fluids that issued from the caverns 
within the globe, at each revolution that happened at the 
bottom of the “guid, the residue of which is our sea; the 
effects, as far as regards the atmosphere, are to be traced in 


the successive changes which befel the race of marine animals, . 


and the several tribes of vegetables... 'The last revolution of 
our globe, that which produced the Deluge, was of the fame 
nature with thofe, and of considerable extent : thus the atmo- 
sphere must have, at that time, undergone a great- change ; 
and [have shown a direct proof of it, in the remarkable cir- 
cumstance of divers species of) terrestrial aud marme ani- 
mals, ceasing to exist without the tropics, which existed there 
previously; and even in the extinction of some species of the 
latter. ; 


12. L must still recall to your mind a very important fact, 
now uncontrovertible in, meteorology, and of which I have 
treated in many. of my works, namely, that rwen is not, (as 


it was commonly thought) merely the condensation (owing to” 


cold) of the water raised into the atmosphere by evaporation. 


By a process conneeted with the rays of the sun, the vapours. 


ascending in the atmosphere, are gradually converted into 
air; for they disappear to the test of the hygrometer, which, 
however, as long as they-do not change their nature, mdicates 
not only their vresenee, but thei quantity. Rain then ig 
produced, by the decomposetion of a certain quantity of at- 
mospherical air, operated by some fluid, which probably 
proceeds from the surface of the earth: that portion of de- 

; ~ composed 
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composed air suddenly returns to the state.of vapour,: which 
being too. dense for, the parts to/remain connected, is decom- 
posed itself, first into clouds, then into, rain....'This is a ma- 
terial point. in the natural philosophy of the-earth,of which I, 
have treated at length im,my works on this subject. rij 

13. L now return,to the Deluge. ~The zain of forty days, 
and forty nights, described by Messs,, as,an, extraordinary 
phenomenon, was one of the effects of, the,change which was 
operated in the atmosphere by. the expansible, fluids, .that 
escaped from the internal caverns at the beginning of the ca- 
tastrophe; and this.was.the prelude to those meteorological 
operations which brought. the atmosphere into its present 
state. But from» this extraordinary fall of water resulted only 
a first, munddation of the Aabitable, parts of the globe, and 
Moses does. not.confine himself to this cause’ only; for. he 
brings into action the fountains of the abyss, which, accords 
ing to the language of scripture, means the sea... These. are 
the causes which Mosus indicates ouly in a few words; we 
shall however trace their characteristic effects, im his so re- 
markably simple narrative of this great event. 


..14, After these words, [GENEsIs, chap. vii...0...1%] 
“« And. the £lood was forty days upon the earth; and the 
© waters mecreased, and, bare up the ark, and it was lift up 
* above the earth ;” (which part relates only to the continu- 
‘ance of the razz ;—and here would have terminated the-in- 
undation, had it been produced by the rain. only;) it is said 
[vv. 18, 19,] “ And the waters prevailed, and. were, in- 
“ creased greatly upon the earth. And the ark went upon 
** the face of the waters... And the waters prevuiled exceed- 
« ingly upon the earth; and ali the high halls, that, were 
“ under the whole heaven, were cqvered.”.. This expression, 
* under the whole heaven,” signifies only the whole horizon 
of the inhabited lands; for the sphericity of the earth was 
then, and for a loug time afterwards, unknown to its inhabi- 
tants. 


"15. It was then by the extraordinary rain which succeeded 
~ the disruption of the caverns under the lands that were on the 
point of being destroyed, that the ark was set afloat: after 
which these lands sunk by degrees, and the ‘sea flowed in 
from all parts; by which cause, though the rain had ware 
: . 7 the 
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“ the waters prevailed and were increased greatly upon the 
“ earth.” It was thus that all the mountains of those parts 
of the earth were submerged, and even overthrown into the 
caverns; and the ark would have been carried along by some 
of the currents and fwallowed up in‘thofe chafins, had it not 
been for the divine interposition, which is the principal pot 
with Mosgs, in his narration, and the emblems of which are 
found m all the monuments of ancient Mythology. The ark 
then floated meraculous/y against the currents of the sea, and 
being borne up towards the place which the waters were aban- 
doning, rested upon an island, which soon after became one 
of the mountains of the new continents. Thus, with the 
help of Geology, we already trace in this part of Moses’ 
concise narrative, that it was the sea which flowed in to cover 
the ancient lands: and now, by consulting Natural History, 
we shall find also in the rest of that narrative, that the retreat 
of water there mentioned, was that of the sea, which aban- 
doned its ancient bed. : 

16. EF need not prove, that our continents have been the 
bed of the sea; there are not two opinions on this subject 
among naturalists, but we are to examine some of the con- 
sequences of their becoming dry lands. When the sea 
changed its bed m the revolution of the Deluge, all the hol- 
low parts which happened to be mn the new jands, remained 
at first full of its waters: but soon the waters that fell m rain 


were added to these; and in every part where the extent of . 


land from whence these waters descended into hollow piaces, 
was very great m comparison with the lowest space, whence 
it could not naturaily come out, the superabundant water 
flowed over at the lower parts of that bason, after having 


been mixed with the sea water which it contained; so that by: 


degrees the rain water took the place of the salt: and thus it 
is that in the greater part of our lakes, the water they contain 
is the same as that of the rivers which flow in. But on these 
new continents, there were also vast basons, where the rain 
waters which came into them were not sufficient even to com- 
pensate for the evaporation that took place at their surface; 
by which means the quantity of the original water was dimi- 
nished, instead of being augmented; and this decrease con- 
tinued till the extent of the stagnant water became so reduced, 
that there was an equilibrium between the water produced by 
the rains, and that which was carried off by evaporation, ‘by 


which - 
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which cause the stagnant water remained salt. | Such is indis- 


putably the origm of our saét lakes, such as the Caspian Sea > 


for all the sysiems that have been imagined to explain their 
saltness, as well as that of the sea, by supposing a continual 


lixiviation ef the lands, and the calculations made accordingly,. 


by which the antiquity of our continents appeared to be mil- 
lions of years, have had the same fate as those in which it 


was attempted to explain their formation by slow causes: they. 
have vanished before the direct proofs of the small antiquity. 


of the present state of our globe. 


17. Among the circumstances of the Deluge, those which 
regard Noan himself, his family, and the ark, are the more 
important, as from these unbelievers have hitherto raised the 
most specious objections, in the minds of men as little in- 
formed as themselves; but we shall find, on the contrary, 
from the increase of real knowledge, that shia very circum- 
stances are those which most conspicuously demonstrate that 
this narrative contains nothing but truth. 

UJ 

18. If Moszs (as Deists pretend) had formed only a My- 
thology, upon the model of those which existed im his time, and 
from some inconceivable motive, had affected to, contradict 
them with regard to the antiquity of the new race of men, he 
would not, at the very first outset of his history of that race, 
have committed so gross a mistake, as to make a dove bring 
to Noan an olive leaf froma mountain; for the Israelites 
must have known that this tree is never found on mountains ; 
and by placing the Deluge at so short a tame back, he lost 
the means of concealing his mistake, had it been one, under 
the veil of time. ‘TouRNEFORT, in the description which he 
has given of Ararat, as a Botanist, has not failed to mention 
that no olive trees grow there; and ‘thisremark alone, has made 
many unbelievers. Ararat, how ever, aud the other moun- 
tains, were at the time of “Moses:i in the same state as they 
are new, and ‘TouRNEFOR1’s remark would not have escaped 
the Israelites, or Moss himself, had he been writing a fable, 
but he spoke of the epoch of the landing of Noau on ne 
mountain; which, according to Geology, was a time wher 
less than a year had elapsed since it was an is/and m the aa 
mer séa. ‘i shall remind you of the importance of this dis- 
tinction, after I have considered some other analogous, cir-, 


cumstances in Mosés’ narrative. . 
We 


/ 
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19. We find, chap. ix. v. 8. of Genesis, that Gop said» 
to Noan and his family, after their descent from the ark, 
« Every moving thing that liveth shall be meat for you, even 
“as the green “herb have I given you all things.” » Does not 
this last expression represent the family of Noa as sur- 
rounded with verdure on Ananrar?> If, however, Moss 
had been writing a fable, would he have again made the 
mistake of representing as covered with verdure, the summit 
of a mountain issuing from those waters which had prevailed 
over the highest of them? It required but very little atten= 
tion to judge, that in such a state of tl nings, the family of. 
Noan, on their quitting the ark, would hate found nothing 
but mud over the whole srounds. But the Israelites, ive 
whom he addressed himself, knew from their own traditions, 
_ that these parents ‘of the new race of mankind found both 

herbs and trees on Ararat. | 
Y . pee ba monn 

90. We. further find at v. 20 of the same chapter, “. And 
 Noau began to be'a husbandman, and he planted a vine 
«© yard.” Mosss, neither in this place, nor im any other 
part of his narration, aims'at giving the history of the Vege- 
tation or Cultivation of these new Lands; and in fact it 
would have been unnecessary, in addressing himself to the 
Israelites of his times, since they knew it from their tradition: 
the vine therefore is mentioned in this place, only because of 
the verse followmg, where, continuing to speak of N OAH, 
he adds, “ and he drank of the wine and was drunken:” a 
circumstance which gave occasion to setting forth the cha- 

racters of his sons, and had consequently considerable im 
fluence on the events that followed with respect to this race 
of mankind. But we are no less here informed of two ime 
portant facts; one, that Noa found the wine on the same 
mountain wleriée the dove had brought the olive leaf, and 
which is also represented as covered with verdure ; the other, 
that he, immediately after his landing, applied remy to 
husbandry, one of the first acts of which was to transplant 
the vine into a a probably lower than: where he first found — 
at. 

! 
a1. My attentive sgidadhey will already be able to forese®: 
BOW edb \cuey serves to explain these great pomts in the Mo- 
SAIC ‘history ; ; but before we proceed to this commentary, i 
shall show why ; in giving his aceount of these circumstances 
Of 
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~as connected. with the history of Noa and His family, he 


. 


had no occasion to be more explicit than he has been. 


. We have seen m whore that the ancient: mytholegies 


“were aed founded on certain traditions of the deluge’; 


thus we may be able to judge from these, what the Israelites 
must have known from their own particular traditions, avd 
what therefore it was not necessary that Mosrs should relate 
at large. Now, we first find i the emblems of Heathen na- 
tions, and even among the objects of their worship, the dove 
flying towards the ark with a branch of olive. Moreover the 
great personage of whom their mythologies maké mention as 


iniraculously preserved from a flood, andas having offered up 


on a mountain the first sacrifice to the Supreme Being, (a cir- 
cunistance mentioned ‘by Mosss in his account of N OAN) is 
spoken of in them, under different names, as the first cultiva- 
tor of the earth; he who first tamed the bull and submitted 


it to the yoke for ploughing ; he who first planted the vine ; 


and lastly, the first instructor of his race in arts. Here then 
we have all these circumstances mentioned transitorily by Mo- 
sts the oftve branch, the vine, the renewal of agriculture, 
and a first sacrifice on a mountain, preserved in the’ traditions 
of the Pagans; and as these traditions were the only source 
of their knowledge of past events, we shall see that they have 
further consecrated m their mythologies other circumstances 
which Moszs, keeping close to the necessary objects of his 
narration, did not happen to mention, as it was not necessary 
to recall them to the memory of the Israelites, but which we 
shall find also confirmed’ by natural history. 


23. Moses, in his admirably simple narratives, no where 
mentions, what geology enables us to comprehend, how 
greatly the family of Noau, as well as their immediate de- 
scendants must have been struck in observing how the high 


parts of mountains, stocked with animals as well as with 


plants, were serving to propagate dife around them on grounds 
which did not beat: any appearance of having ever been dry 
lands. It must however be from their accounts of this wii, 


that the Pagans obtained a knowledge of it, and these ac- 


counts must have been accompanied with very marvellous 
circumstances, to exalt the imaginations of their successors 
(not of the family of Shem) so much as to lead them to’the 


‘conception and admission of certain beings, who had ob- 


. tained’ 
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tained from the Deity permission to churn the waters of the 
deluge by the whirling of a mountain, till the water of life 
should be recovered, and come to flow down its sides-to re- 
animate expirmg nature. Here doubtless is a gigantic effort 
of imagination; but we see the foundation of it m geology ; 
there is, however, among those flights, a circumstance that 
at first appears as extravagant as the former, which I never- 
theless consider as having been transmitted to them by their 
ancestors, as they relate it; and it is such, that by strongly 
exciting their imagination, it must have had great influence 
in the “production of their mythologies. In describing that — 
violent agitation of the oceaz, true in itself, though they assign 
it to a. fabulous cause, they mention that there issued forth 
clouds of smoke and torrents of fire. Now Ihave reason to 
believe, from the monuments of volcanic eruptions of which 
I have treated n my 4th Letter, that of the volcanic hills of 
our continents, many of those which are not encircled by 
strata produced im the sea, as well as many of the volcanic 
islands scattered in several parts of our present sea, and which 
im many places form Archipelagos, were formed during the 
catastrophe of the Deluge, and that thus the family of Noau 
witnessed those portentous symptoms, and transmitted them 
to their posterity; though Moss makes no mention of them, 
any more than of the violent agitation of the water; because 
the Israelites knew of these facts from their own traditions, 
as much as the descendants of Ham and JAPHET. 


< 


24. We may now judge of the importance of the works of 
Mr. Bryanr and of the Asiatic Society; since, by disclos- 
ing the real essence of the ancient mythologies, they have 
served to dissipate the obscurity which, through the Jews’ 
forgetiuluess of their earliest traditions, hung over the book 
of GENEsIs, even among themselves; and how much we 
are indebted to Mr, Maunicg, for having supplied us, with 
a collection of these fundamental and ato documents: im his 
History of Hindostan, where we find, particularly at pp.341 
—354, all the circumstances L have mentioned, together with’ 
the following, which, considering this loss of traditions among 
the Jews, 1s of,.ver y great importance to us. The same per-. 
/ sonage who in these mythologies is pointed out to us by so 
many characteristic traits to be Noan, is still further com- 
memorated in them, as having brought forth with. him from 
his bark a quantity of seeds which he had there preserved in 
order 
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‘order to renew their races after the Deluge. Now, natural 
history also supports this tradition; for we sce by experience, 
that the preservation of the plants, most useful in our fields 
and gardens, depends on cwlture ; they gradually perish if 
left to themselves, and are no longer to be found among the 
spontaneous plants. ‘This tradition then, is a true ray of 
light, which dispels the difficulties that false interpretations of 
the book of GENEsIs have successively produced; for we 
not only have here anew information, on the means by which 
vegetables were renewed -after the Deluge; but we learn at 
the same time, that even before that event, cudizvation was ne- 
-cessary for the preservation of the same plants on the ofd con- 
_ tenents; a conclusion that agrees with the sentence pronounced 
to Adam on his being driven out of Eden, which is a materia! 
point in Moses’ narrative, and to which I shall return, under 
the guidance of other facts. 


25. As long as it was supposed, that on quitting the ark, 
Noaun and his family inhabited the same lands which had 
existed before the Deluge, all was difficulty: for, without 
speaking of the Deluge itself, which, under such a mistake 
became incomprehensible, it was impossible to conceive that 
the smallest blade of grass could have been preserved, not 
only under a body of sa/t waters which covered the highest 
mountains, but on a bottom, which, from the top of the 
mountams to an unknown depth in the plains, is but one 
mass of strata in the greatest confusion, full of the remains 
of terrestrial vegetables, and marine animals. Such a gross 
contradiction between the supposed sense of GEN Ests and the 
facts, was well calculated to produce unbelievers ; but it was 
the error of the mterpreters of Scripture, who, after the 
true traditions had been effaced from the minds of the Jews, 
substituted their own conjectures for the plain sense of the 
‘expressions used in Genesis. At the very begianing of his 
description of the Deluge, Moszs relates that Revelation of 
Gopto Noau, which announced that the dands then inhabited 
should be destroyed. It was not then upon those /ands that the 
ark rested, but on new continents. When afterwards Mosss 
comes to his short account cf NoAug and his family quitting the 
ark on Ararat, and mentions the olive tree, the green herb, and 
the vine, these circumstances in themselves were no part of his 
information ; they referred to other objects; and he had»no- 

. : thing 
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thing to fear from the criticism of the Israelites, since thesé — 
particulars must have been known to them through tr adition, 


as they were to the Pagan nations. 


¥“ ‘ 


26. Now to whit period of time are we to assign these 
different circumstances common to the account of Moszs and 
to. the ancient mythologies? Must we refer them to an 
epoch so immensely remote as these mythological systems sup- 


pose? I have already answered this generally, by proving the 


small antiquity of our continents themselves; but [ shall now 


proceed to point out a striking connection between one of the 


proofs of this great truth, and’ those very parts of the Mo- 
saical history of the earth, which unbelievers have pretended 
to be manifestly fabulous: 


27. I have proved from geology, that before the Deluge, 


‘the summits of our present mountains were islands im the - 


primitive sea; and I at the same time observed, that being 
‘then ia the lower part of the atmosphere, they enjoyeda tem. 
perature fitted for all kinds of vegetation. _ Now im the revo- 
jution which the Deluge produced, the sea, by changing its 
bed, sunk considerably lower; the atmosphere therefore sub- 
sided with it, and the former islands, become now the sum- 
mits of our mountains, attained to a cooler part of the at- 
mosphere. «If then Noan and his family tound the olive 
tree and the vine on Ararat, as well as other plants which 
~ subsist there no longer, it is because they lad not had time 
to suffer from the change of their situation with regard to the 
atmosphere: but as by. agriculture these plants (together with 


those the seeds of which Noan preserved with him in the’ 


ark) came to be propagated im lower grounds, the temper- 
ature of which suited them, they gradually decayed in the 
colder region, and were replaced by a greater multiplication 
of these plants which were more capable of enduring it. 
Now. it was at the same period, and owing to the same 
cause, that a phenomenon vof another kind commenced, 
which alone would be an uncontrovertible proof of what I 
have stated in respect to the vegetables, as it continues to 
proceed before our own eyes; i mean the growing accumu- 
lations of snow and we on our higher ranges of euiantens 
‘This phenomenon, I say, leaves us no room to doubt, that 
_ the symmits of our mountains have changed) their situation 
Ww ith regard to the atmosphere; and w hen £ referred to it in 
my 


* 
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ray preceding letter, I then observed, that. by comparing the 
whole mass of zce produced from the birth of: our continents 
to our own times, with the course of its progress in times 
successively known, it is impossible to assign t6 them an an- 
tiquity more remote than that which would accord. with the 
account of MosxEs; in whieh respect this phenomenon cor- 
roborates all the other natural chronometers. 


28. Thus, inthe resemblances we trace so clearly, between 
the ancient mythologies and the history of Moses; reseme 
blances too marked and too numerous not to show a connec- 

_ tion between the sources of these different traditions, geology 
now unveils the truth. It is Moses; and Moszs only, who 
has transmitted to posterity the true account of those times. 
He deduced it from an infallible authority, even that whence 
nature herself procéeds, which now bears evidence to his his- 
tory; and the resemblances we discover between it and these 
mythologies, proceeded from the traditions of the sons of 
Noan, whose authentic recitals of what they had observed 
during and after the Deluge, roused the imagination of the 
descendants of Ham and Japhet, when they were separated 
from the posterity of Shem; and thus deprived of the instruc- 
tions of Mosés; | 


29. Thus again, are all those psychological fables set 
aside, in which, by a vain analysis of the human understand- 
‘ing, at a period when it was already instructed, some philo- 
sophers have pretended to derive from the powers of reason 
alone, all the religious notions scattered among the nations of 
the world: for we now see, that the orzgin of rdolatry is to 
be referred to the debasement of a pure theism, the founda- 
tion of which was laid in the immediate instruction from GoS 
to the first race of men, and repeated in HIs revelations to 
Noau. But the worship of Gop instituted by Noan at 
his descent from the ark, was successively corrupted into the 
worship of Noau himself, into that of bis suxs and their 
first descendants, and even into the worship of the mere em- 
blems by which the several circumstances of the Deluge were 
represented; and when once men were left to their own 
imaginations, with respect to those objects, the true meaning, 
of which they could not understand, without a reference to 
their real origin then obliterated among them, no bounds 
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could be put to the excess of deviations in the few, and of: 
credulity in the many: a degradation, of which Mr. Bry- 
ANT has traced the progress and the causes, in the propaga- 
tion of the Asiatic and Egyptian mythologies among the 
Greeks and Romans. Nevertheless, beneath the veil of all 
these deviations, the primitive notion of a SurprEME Be- 
inG, to whom these Goons of ‘their own invention were sub-: 
ordinate, prevailed at all times among the Pagans: a strong 
instance of which, as far as relates to the Indians, we have 
in Mr. Mavricr’s History of Hindostan, p. 859. What 
becomes then of all the speculations on a pretended deriva- _ 
tion of theism from the human understanding, since it is 
thus ascertamed, that a true theasm, proceeding from revela- 


tion, did exist among the first progenitors of the fircsome race 
of mankind? | 


30. Besides these circumstances so clearly proved, which - 
directly give the sanction of truth to the recital of Moses, . 
there are others which will serve to demonstrate more ‘and 
more, that the sacred historian, in impressing on the Israel=. 
ites, asarule for their conduct, the sublime ideas of the be- - 
nefits, particular commands, aiid. judgments, derived from 
Gop, did not: dwell upon circumstances which they already. 
knew by tradition from their ancestors... If his history had 
been a fable, Mosns ‘might well have been expected to 
show as much imagination, as those painters who, from false 
ideas of the Deluge, have drawn pictures in which men are 
represented crowding to the tops of eminences, and flymg 
from rock to rock to evade the waters. Moses then, re 
presenting ‘to himself Mount Ararat, as covered with: the 
dead bodies of the mbhabitants of the country who had sought 
refuge. there, would have set it forth in the colours of poetry; 
and an elegy would have supplied the expression of distress 
introduced in the pictorial representations. But no images: 
death, no hint of any mournful scene, are found in his deserip-= 
fion; because he wrote the true history of Noa and his 
family, who, landing on an ésland of the ‘ancient sea durmg 
its retreat, could not find there any trace of the doom im, 
flicted on their fellow ihhabrtanits of the perishing lands... ~ 


31. This, however, inide amore general form, was’ ‘the 
sround of one-of the arguments of unbelievers; who, setting 
out from the false ideas which prevailed on the nature of the 

| | : Deluge, 
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Deluge, objected to the history of Mosus, that, if it had 
really taken place, we ought to find in our strata, heman re- 
liquie, as well as the remains of terrestrial animals; which, 
however, is not the case. But Moses says expressly, that 
the /ands occupied by mankind were destroyed; and Geology 
confirms this fundamental circumitance. ‘Ihus, far from this 
want of Auman remains, on Ararat, in the description of 
Moses, and among the organized bodies found im our strata, 
being an objection to the truth of the sacred: history, it is a 
very remarkable confirmation of it. With refpeét to the car- 
cases of terrestrial animals found in these strata, they were, 
as it has before been explained, buried there by the waters 
of the’sea, while it still covered our continents, and conse- 
quently before the deluge. ih 


' $2. Of all the mistakes produced by abandoning the dteral 
sense of GENES1S with regard to this great event, that which 
has produced the greatest number of unbelievers, is the ex- 
tent which has consequently been given to the command from 
Gop to Noan, with respect to’the preservation of animals. 
If the waters, as was imagined, had in effect’ covered the 
highest mountains a// over the globe, it must necessarily have 
followed, that every animal now ‘existing, must have pro- 
-ceeded from their respective couples preserved in the ark; 
and so it has been conceived. I shall not stop to notice the 
difficulties and improbabilities which arose from such an inter+ 
pretation, they are well known from the commentaries of un- 
believers; but let us pursue the history of Moses, to see if 
their arguments against his commentators, prove any thing 
against himself. : 


33. The passages which they interpret in this manner, begin | 
at p. 19 of the 6th chapter of GENEsts, where God says to 
Noan, “ And of every hving thing of all flesh, two of 
every sort shalt thou bring into the Ark, to keep them alive 
with thee; they shall be male and female.” Here doubtless 
isa’ generality in the expression, which we'also find in the 
‘subsequent passages relating to the same subject: but here ts 
one of a different kind expressed in page 21: ‘ And take 
thou unto thee of all food that is eaten, and thou shalt ga- 
ther it to thee; and it shall be for food for thee and for them.” 
Lastly, let us come to the descent from the Ark. Gop first 
@ays to Noan and his family (Chap. ix. ver. 3) “ Every mov- 
a nd me 
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ing thing that liveth shall be meat for: you; even as the 
. green herb have I given you all things.” Now whoever 
would not seek after difficulties where there are none, will 
merely find in these general expressions, compared with each 
other, a form of speech very commen, not only among the 
oriental writers, but in every danguage, when a certain totality 
_is to be expressed, which the circumstances serve to explain 
without ambiguity. Noan was not mistaken with respect 
to the orders which he thus received from Gon; they were 
so expressed as to enable him to comprehend, what animals 
he ought to take into. the ark, to keep alive with him, and 
also what provisions were necessary for their food during the 
deluge. It is notin the short account of Moss that we can 
expect to find these details; it is evident through the whole 
of his narration, that with respect to such cir cumstances as 
were known by éradiizon to the Israelites, he simply alluded 
to them in few words: and we have here a direct proof of its 
for if he had related to the Israelites circumstances of which 
they had no previous knowledge, he ought at the beginning 
vf the account of the deluge, where he mentions its predic- 
tion to Noan, to have indicated its duration; which surely 
was revealed to him, since it was necessary. he should be in- 
formed of it, in order to proportion the quantity of provisions 


to be taken into the ark. We see then, from the silence of 


Moses on this important. point, that he did not think it ne- 
cessary to enter into such details with the Israelites, because 
he had no objections to apprehend from them. 


34. Lastly, all doubts on this head vanish when we come 
to the following passage, contaming one of the declarations 
of the Aumicury to Noan, after his quitting the ark 
(Chap. ix. vv. 8,9, and 10.) ‘* And God spake unto Noan, 
and to his sons with him, saying,.and I, behold, I establish 
my covenant with you, and with your ‘seed after. you; and 
with every living creature that is with you, of the fowl, of the 
cattle, and of every beast ofthe earth with you; from all that 
go out of the ark, to every beast of the earth, ” Does not 
this repetition of the words, “with you,’ joined to the ex« 
pression of * all that go out “of the ark,” corresponding with 
the order given to Noan, “ two of every sort. shalt thou 

‘bring into the ark, to Leap them alive with thee,” | establish 
an evident distinction, between the species of animals which 
Noau had taken into they ark, and which had come out of,at 


with 


| 405 


with him, and “ all the beasts of the earth?” Here, Geo- 
logy teaches us, why the Israelites sought no such sensé in 
these expressions, as the comijelitators: did who began their 
interpretations by losing sight of the nature of the. deluge: 
they knew that ‘after the retreat of ‘the waters of the flood, a 
number of animals descended from the mountains, and dis- 
persed themselves over the surrounding countries, in propor- 
tion as they found food; as we have it figured in the ancient 
“Mythologies, by the water of life, which tee to flow from 
‘the sides of a mountain, — 


35. Thus, setting aside the animals immediately needful to 
man, and those which, for particular reasons, NoAH was com- 
manded to take into the ark, (the raven for instance) the new 
‘continents were peopled with animads, as well as vegetables, 
from their mountains, It is thus that we find an explanation of 
the phenomenon of the carcasses, found in our superficial strata 
in the northern parts of the globe, of animals which now exist 
only between the tropics. At the time of the deluge, these 
animals existed m our climates; we know this, among other 
proofs, from the quantities of elephants teeth that have been 
found in certaim parts of the North, so well preserved as to 
have been used for ivory, and by the’ carcase of a rhinoceros 
found in Szberia, which, by the account of M. Pattas, 
had still a part of the skin with the hair attached. Such of 
these animals as, at the birth of our continents, happened to 
be on the tops of the new mountains, spread themselves, as 
all the other species of animals did, over the adjoining coun- 
tries. But the animals underwent the same fate as the plants; 
they propagated only in places where the new state of things 
afforded what suited them; and hence it is that each distinct 
region is found now to have its peculiar plants and animals ; 
a circumstance 6f considerable moment in Geology, which | 
~ shail explain more-fully in some other work, in treating of the 
“origin of organized beings. ; 


36. Every part of this sublime narration of Moszs, is 
- impressed with characters that mark it as proceeding from 
_ the great Author of nature himself. I shall continue to no- 
tice ‘thie circumstances of that solemn covenant which Gop 
vouchsafed to make with the inhabitants of the new lands, by 
considering the sign annexed to it, (Gen. chap. ix wv. 12 
and 13.) “ And God said: this is the token of the covenant 
between me and you, and every living creature that is with 
, 7 you, 
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you for perpetual generations ; I do set my-dow in theicloud, 
and,it,shall be,for,a token of a covenant between me and Hin 
earth.” ....[ shall) first. show, what, this object presents to our 
notice, considered,as it. stands. connected with natural. his- 
tory and. Geology, after. which I shall aPea. of the proofs we 
have of the: reality of.this event. 


ee T have already had occasion to remark, that ol dams 
inal proceed , from: the, condensation, of the, waters raised iby 
evaporation, but that it is produced. by a chemical process, 
in which a portion of -the utmosphere itself being decom- 
posed, returns ‘to, the state,of .agueous vapour, which, by its 
abundance, first forms clouds, and_.at length, therfall of wa- 
ter, which we call rain... In, the present state of, our, globe, 
we observe two,very different,sorts, of rain: the one. which 
sprevails over. a, large, extent.of country, either in a calm, or 
durng jreguiar winds; this rain. is commonly, foretold . by the 


fall, of, the Mercury 1. the barometen;, it is always. of some | 


continuance, and .is not accompanied with any, other parti- 
cular phenomenon, this.L shall, call simple rqin. The other 
4s..more, local, ‘and. the barometer ‘seldom announces it: .1ts 


effects are,sudden,,and return by fits; it is always, accompa~ 
nied.with gusts.of wind, which are.also local; .often it.ends 


only. i showers, but sometimes it is attended with hail, thun- 
der, lightning, and even with hurricanes. I shall call. this 
tempestuous. .. Now it is,,to, this latter kind of rain,that the 


rainbow (or Ins) belongs ; for it.requires, that, .at the same 
_time, when ‘the air:is cleari in the ;part of the horizon where 
the,gun, happens to-be,. there shall bein the opposite part a 
cloud very, low and very thick,,and that another cloud shall 
be so-situated.as to, produce. zai. between the. thick. cloud, 
andthe spectator looking ,that way, ‘circumstances that never 
‘happen in the.case.of szmple rain, :the.clouds, belonging to 
which. ave -much ‘elevated,,,and.extend_at.once over .a large 
tract of “country: it then alse rains or snows, on the highest 
mountains ; while in the case of tempestuous rains, we need 


‘not go very high, ‘to. have.a,tempest below us: and‘when the’ 


former. kind. of. rain comes to cease, the ‘clouds everywhere 
“leak and disperse at/once without. partial, showers. - 


| 38. Thus, in: or rder to decide certainly the question, whe- 
‘ther-the rainbow was known to-the Anjedilugians, it would 
be: sufficient to. know whether at that time there were any 
tempestuous 


] 
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tempestuous rans :. but all we know in. this respect, is, that 
there is no mention of hail or thunder im all that Mosrs has 
said of the times anterior to the deluge. This does not 
amount to a proof, but it authorizes an inquiry from physical 

and geological principles, in order to judge whether there be — 


a possibility that the rainbow had. not, appeared, before this 
revolution on our globe. 


39. The simple and the tempestuous rains, unquestionably 
proceed from one common cause: that is, the decomposition 
of the air, so as to make it return to the state, of agueous 
vapour: but there never happens any chemical decomposi- 
tion, without a recomposition of some. other kind. Some 
Jiuid must necessarily be mixed with a part of the atmosphe- 
rical cir, m order to seize on the ingredients which had pro- 
duced it. from: the aqueous vapours; but then, some new 
combinatton must certamly take place ; and we have reason 
to suppose this to be the case, since the influence of the at- 
mosphere. on. terrestrial phenomenei is sO.varlous, thatiraze 
considered alone, } is very far from explaining it. , The imme- 
diate existeuce of such new, combinations does not yet appear 
to\us,during the. sinple raims, but we are sure that they take 
place i in, the tempestuous, rains, when we consider their con- 
comitant effects..; Different sorts of fluids may occasion the 
change of .air into, gqueous vapour; but, the new combina- 
tions “which then take place by the ingredients which. it loses, 


ave different, as well as the part of the a tmosphere 3 in which 


the operation happeus ; a circumstance that varies the ap- 
pearauces.of the rains, Now we know from Geology, .that 
at the period of the. deluge, - there happened very consider~ 
able changes, not only ia the utmospherg, butin the waters - 
of the sea, and. with regard to. the. new ‘coutments, very dil- 
ferent from the former, by being, covered with strata of dif- 
“ferent sorts, which did not.exist.on, them, .16.1s therefore 
overy, possible, : that,the te WN pEshUuoUus PAINS aecumong the CON~ 
_sequences.of the chunges which | bap pened, at inat ¢ epy rch, Qt 
our globe, and. that.coasequently Uie ratniow, whic ap 
_peared after. the fiood, might bea new pheno MeBap, coj- 
“nected, with, a state.oj the ¢a: thy m regard to,which, it. became 
areal token. of,, what Goo said.to, Noay atx. 15, of the 
same chap. «“ that. thew aters shyuid Ga. IGE eco nif a flood 
to destroy. all. flesh ;” orem, the Janguage of Geology, th at the 
»pew contments were not exposed to sink below the level ou ‘ 
tae 
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fhe present sea, in consequence of internal operations, by 
pie the state of the atmosphere could be still altered. 


40. Admitting this idea, that the razmbow appeared for . 
the first time to Noan and his family, at the moment when 
Gop declared his covenant with the new inhabitants of the 
earth, let us represent to ourselves how they must have been 
struck with all its circumstances, by the novelty and’magnifi- ~ 
cent appearance of the phenomenon, and by the divine revee 
lation Which presented it to their notice as the token of that 
covenant ; considering that necessary impression, which, if 
the event was real, must have been felt by Noa and his 
family, we shall finds in the proof of its having been pro- 
duced, that of the reality of thfe event. On. this subject it. 
is sufficient to read that section of Mr. Bryant's Analysis 
of Ancient Mythology, (11 vol. ’p. 341) that has’ for its 
title, “of Juno, luis, Eros, and THamur;” in which 
the learned and judicious author unfolds, what the ancient 
mythologies contain of allusion to this sign, as marking an 
era of the greatest importance in the history of mankind. 
The Iris, either as representing or accompanying divine love, 
and even expressly as the emblem of a solemn covenant, be- 
came an object of worship among the first people which se- 
parated from the family of Shem and Mr. Bryanr gives 
a particular instance of this (p. 414 of the same vol.) in the © 
design of a piece of sculpture, cut in the rock near the Cam-. 
pus Magorum in Persia, copied by Thevenot, in which Eros, 
that is to say, divine love, ‘represented by a ‘winged infant, 
is setting oi a rainbow, near which is the fieure of an old 
nan Mm the_act- “Of adoration. Lastly, Mr. Mavnice,. at 
p. 347 of his work, quotes also the mythology of the Chinese, 
where they make their great Deity Fount, to spring from 2 
rainbow; and this personage, in other respects, bears im 
their mythology all the characters and attributes of Noan, 
as saved from the deluge. Heve then are pointed traits of a 
general tradition relative to the rainbow, considered as a great 
sign; and to this, natural history and Geology add their 
evidence. Now, if we consider the simplicity ‘and concise- 
ness with which Mosgs relates thig circumstance, we shall 
find, that the Israclites must have also known it by tradition 
from | their progenitors; and it is a fresh’ proof, that he relied 
on this tradition, through the whole of his narratives 

oe die 2S A Toe 
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41. There is also a very remarkable circumstance, which 
refers at once both to the history of the L’/ood, and to the 
events that are related with respect to the first man; a con- 
nection that we have already noticed in the case of the plants 
which require cultivation to preserve them. In describing 
the Garden of Eden, with the view solely of giving to the 
Israelites, an account of the origin of evil, and of the remedy 
revealed by Divine wisdom, Moses mentions the following 
circumstances, (Gen. ch. 11. vv. 10. &c.) “ And a river 
went out of den to water the garden, and from thence it 
was parted and became into four heads: the name of the — 
first is Pison ;—the name of the second is Gzhon ;—the name 
of the third is Hiddekel, which goeu... »wards Assyria, and 
the fourth river is Euphrates.” Here, lsay, we have ade 
scription given by Moses in the €d chapter of GENEsIs; . 
and it could not but be present to his mind, when at the 6th 
chapter he began the history of the Deluge. ‘The Israelites, 
to whom he addressed himself knew well an Assyria and 
EUPHRATES, but these were very differently situated; no 
river existed in these countries that was divided into four 
heads, of which one was Euphrates, and another ran to- 
wards Assyria: how then could they have borne this appa- 
rent contradiction between the narrative of Moses and facts, 
if for them it had been real? 


42. We shall see here, from the very beginning of the book 
of Genesis, what I have observed with regard to all the 
other parts to which I have had: occasion to refer, that the 
divine source from which it is derived, appears more clearly 
in all those circumstances that, to those who have not studied 
them with attention, seem to be zmprobabilities. At ch. 2, 
where Moses spoke of the Garden of Lden, he was de- 
scribing a place which had belonged to the ancient continents; 
but when, m chap+6, he came to the history of the Deluge, he 
began with the declaration of Gop to Noau, that those con- 
tinents should be destroyed. ‘The Israelites, therefore, were 
not induced to make the critical remark to which I have just 
alluded; they knew that the names Assyria and Euphrates 
were antediluvian, and only transferred to the new continents, 
as we have since seen it practised universally by colonies, 
who name the new settlements in the countries which they 
| adopt, after the correspondent names of their native countries. | 
_ © Moses, in speaking of the Garden of Eden, described em 
| “ place; 


410. 


places for he could not be'guilty of.so gross.a. blunder as the’ 
contrary would imply ;: but this place existed no longer, since 
the continents on which it) was situated had. been destroyed : 

Geology even, in. commenting on the narrative of Moszs, 
Jeads us to think that! it was destroyed when ADAM and Evg, 
banished from the spot where they had transgressed the com= 
mand of Gop, were compelled to apply themselves to agria 
culture for their subsistence: It is, I say, very probable, from 
the history.of Mosxs, that a volcano burst forth to bar the 

entrancé of. this original place of their abode, while it sunk 
into the sea.: «I shave shown that volcanic eruptions make a 
part of the history: of the ancient sea, and Moss mentions 
a flumng sword, whic guarded: the entrance of the Garden: 

now im other parts of sacred writ it is said, Gop maketh his 
ministers flames of fire, tt. a ; : 


43. Lastly, after the account of the different circumstances 
of the Flood, and of the first establishment of Noau and_his 
family on the new continents, Mosxs passes on to: their poste- 
rity. He sets cut with the first generatiens of the threesons of 
the great Patriarch, in order to mark the course they pursued 
in forming their first settlements, whence we are able to trace 
the origin of the traditions of the Deluge among the Pagan 
nations: after which, contining himself to the posterity of 
SHEM, which was his principal object, he first attributes to 
Noavw a length of life equal to what:hé had’ assigned to the 
antedeluvians ; he lived, he tells us, 950 years.: From this 
time he represents the terms of amawn’s' life..as decreasing ; al- 
ready SuEM hives only 600 years ;. nevertheless, in this course 
of successive decrease, ABRAHAM; the common Father of the 
Israelites, and on whom:he never’ceases to fix their thoughts, 
is yet spoken of as having attained to 175 years, after which 
the common term of ‘human ‘life was gradually shortened to 
its present duration. Here is the last Geological fact im 
the account of Mosss (the rest being only the history of the 
Hebrew nation), but this is well worthy of consideration... 
» 44. The ancient mythologies of the Pagans also assign very 
Jong lives to their first chiefs ;. and after the account which 
have given of the origin of their idolatry, itis natural to think, 
that the veal facts relative to this object, had so raised their 
imaginations as to lead them to attribute ammortality to these 
founders of the mew race ‘of mankind, and to augment in 

| . .: proportion 
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_ proportion the distance of time since ‘they appeared on the 
earth. Every thing became: gigantic in the ideas of these 
primitive people, when their traditions had become the only 
sources of their knowledge;, because these contained real 
prodigies; and as m this strain they disfigured more and more 
the facts themselves, it is not surprising that their chronolo- 


gies are at length become pure fictions. _ 


45. If Mosgs, as unbelievers suppose, had ransacked these 
sources, can. we bring ourselves to believe he could have 
committed such a blunder as to drop this veil of antiquity in. 
his Chronology, so,as.to make (in his address to the Israel- 
ites) but. a few generations to have passed between Noan 
and the times of ABRAHAM, their common father, at the 
same time describing, the term of man’s life as having de- 
creased in this short period, from 950 to 175 years, with 
again a.decrease of one half, from the time of ABRAHAM to 
that.in which he wrote? No; it is not so that designing 
people invent. It must necessarily be allowed that MoszEs 
relied on not being controverted; and we now see that he 
spoke nothing but the truth, since our continents (that unal- 
terable depot of chronometers), confirm his chronology. 


46. Here again, some inattentive commentators on the 

_ book of Genesis, have, by their systems, given weight to 

the arguments of unbelievers ; bending the expressions of this 

. great book like a deaden rule, and in that arbitrary manner of 

interpretation, either contradicting some ancient astronomical 

monuments, or depending too much on others. It is not ne- 

cessary for me to enter into these details, because I shall 

again show, that the literal sense of GENxsIs 1s the truth: 

but 1 must for a moment stop to:consider a point of some 
unportance on this head. 


4.7. IL have in view.some chronological systems immediately 
deduced from those ancient astronomical monuments, under 
the idea, that nothing has happened with respect to- the 
movement or position of the earth that is foreign to the 
causes or laws which serve as a ‘basis to astronomical com- 
putations. ‘This. supposition is very natural on the part of 
Astronomers; >but Geology does not permit us to assent 
to it, because the revolution which occasioned\the deluge 
mustihave liad some influence on our globe in this respect. 
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‘If we first consider the statical consequences likely to have 
followed from a sudden displacing of such a mass as the sea, 
we must judge that the ve/ocity and direction of the motion 
‘of the parts of this mass, which came to change its latitude, 
could not but have some influence on the velocity and di- 
rection of the motion of those parts of the globe to’ which 
they flowed, and ‘on which they were detained, and thus 
occasion some change m its rotatory motion with respect to 
the position of its poles, or the inclination of its axis to 
the plane of its orbzt. Moreover, the sinking down of the 
continents, together with a portion of the waters of the sea, 
having filled up vast caverns in the interior of the globe, there 
could not but follow some sensible alteration in its céntre of 
‘gravity, and consequently in the direction of the plum-line — 
on some parts of its surface. “These changes doubtless could 
be but small; however they do not the less prevent true chré- 
nological mferences being drawn from some astronomicad 
traditions among the Asiatics; since, in comparing antedilu- 
viun traditions with posterior observations, the difference be- 
tween them may partly depend on these changes. = 
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48. 1 have called traditions the astronomical Fragments 
discovered among the people of .Asia, because M, Baitiy 
has proved that these fragments had an origin prior to that 
of these people themselves: they being mixed with errors,. 
which are the same in the north and the south of Asia, 
and into which the original observers could not have fallen. 
‘Now, from all that I have hitherto proved, these traditions 
could proceed only from Noan; that is to say, from the first 
founder of the new race; and this we can also collect from 
the ancient Mythologies, where the great chieftain from 
whom they derived all human knowledge, is, among other 
things, represented as having instructed them in Astronomy. 
‘This likewise is the most probable reason why this science, 
not having its foundation in their own discoveries, but fol- 
lowing the turn their fancies took in all other respects, dege- 
nerated into Astrology, the progress of which may be found 
in the works of Mr. Bryant and Mr. Maurice, the fat- 
ter of whom may especially be consulted at p. 346. 


49. I now return to the /ong lives both of the antediluvi- 
-ns and of the first generations of men after the Deluge, a 
«cumstance for which it 1s not difficult to assign a physical 
Pe 2 _ cause, 
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cause, since we have already had. occasion. to. notice con- 


‘siderable and successive changes, among all.classes of orga- 


nized beings, before and after ‘the’ Deluge. ‘These changes, — 
the consequences of those which happened both in the interior 
-and at the surface of the globe, were the effects of the same 
causes that have produced so many greater effects of different 
kinds, of which I have given an account in these Letters; and 
we may readily conceive from analogy, that the long lives of 
of the antediluvians were connected with the state of the 
earth; that the family of Noau,; bringing with them to the 
new continents a great strength of constitution, communicated. 
it to their first descendants, and that it diminished only by 
degrees. All is connected together by the same causes, in 
the long series of Geological phenomena, (including those of 
the organized beings.) het I have described im this work ; 
and it is the certainty and harmony of these phenomena, 

which, by irresistibly drawing aside the veil that covered real 
events in the ancient mythologies, and refuting the erroneous 
interpretations of GENEsIs, finally evince that all the parts 
of this sublime cosmogony are derived from the feuntain of 
TRUTH. 


_ 50. As for the final causes, of which we cannot doubt 
after so many proofs of the interference of Gop in the events 
of humanity, it 1s still easy to trace them in this account of 
the duration of the life of man. The first continents having 
‘been peopled only by the descendants of Apam and Eve, 
and the present continents by the family of Noaun, we find 
accordingly a sublime agreement between the long lives of 
men in these two periods, and the rapidity as well of the po- 
pulation as of the advancement of the arts, of which we tind 
the traces so simply exposed in the narrative of Moses; for 
it would be easy to prove that this long term of life quadrupled 
at least every effect which the same length of time would have 
produced among men whose lives would have been only of 
the present duration. But when the human race was renewed 
‘on continents which the sea could no more overwhelm, and 
-had so multiplied, that men would by degrees crowd together 
on the same parts of the earth, it was a sublime dispensation 
of the wisdom of the Creator, to shorten human life, 
wie it shortened the dominion of the passions of indivi- 
_ duals. | 


51. In- 


*- 


ee 
51. In-thus terminating the physical explanation of the 
eleven first chepters-of Genusts, containing the history of 


the earth, from the epoch, when lighé was first added to the | 


other elements which compose it, to the time of the calling 
of ABRAHAM, I feel it mcumbent on me to recapitulate the 
motives that have led me to these investigations. What can 
we determine with certainty respecting the origin and nature 
of Man, without knowing his history ?—How can we know 
any thing of the history of Mun, except we know sufficiently 
the history of the planet which he inhabits'—How can we 
learn the history of this planet, without studying the monu- 
ments of its revolutions, and all that Natural Philosophy can 


diseover to us of their causes? Such are the questions which — 


have induced me to devote near 50 years of my life to these 
studies, including the history of Man himself; and as they 
have contributed more and more to impress on my mind a 
firm faith in our holy religion, [ have found the reward of 
my labours in an inward satisfaction, which the vicissitudes of 
my life have never been able to shake. Wros.- 


52. Gon, by inviting us in his Revelation to study Nature, © 


has laid a foundation for the re-establishment of the faith, 
when the lapse of time, and the caprices of fancy and passion, 
would have led the way to incredulity among mankind. Faith 
had been gradually established by prodigies, of which men 


had themselves been witnesses, and which they had transmit-_ 


ted to their successors ; and now it is supported by proofs of 
the existence of the earliest and most important of these pro- 
digies, which will serve gradually to dissipate the obscurities 
produced by the fabulous accounts of Nature, which men, 


who pretend to enlighten the world, have propagated. ‘Then . 


will mankind generally acknowledge a SupREME LawcIveER, 
who has given them rudes and wstructions; and they will m 
the end discover how much it concerns them to listen only to 
HIM. | | : 


I have now, Sir, finished that abstract of my Geological 
enquiries, and of their results, which you thought would be 
sufficient to enable those already versed in the study of these 


phenomena, to comprehend the whole of their connections, 
and to excite in others the desire of fixmg their attention en. 


so important a subject :’ but if it may answer your expectation 
Be : : in 
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_in the first instance, I doubt of its success in the last. The 
objects of Geology are very numerous; they can interest only 
when they are so understood as to reflect light on each other ; 
they will remain dark if not sufficiently explained, and then 
no interest can be produced. ‘This, I fear, may have been 
the case with many readers of these extracts; but as they 
have the same interest as the learned to know what foundation 
our faith derives from Nature, I think it my duty to resume 
_ the same plan ona larger scale, in order to explain the whole 
in such a manner that every attentive person, of a common 
degree of information, may be so forwarded in Geology as 
to find readily new sources of knowledge in a multitude of 
common objects, which remain silent for those who want 
previous information. This I have undertaken in a work 


which I intend to publish. 


I am, dear Sir, 
With much Regard, 
Your’s, &c. &c. 


DE LUC. 


Printed by Law and Gilbert, St, John®s Square, Londen. 
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